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PREFACE 



THE author's purpose in preparing this book has been two- 
fold ; first, to express in a general way his ideas as to the 
application of the principles of scientific management to industry 
in general, and second, to outline in some detail the application of 
these principles to the specific problems of the woodworking 
industry. 

As outlined in the first chapter, the woodworking industry is 
peculiar in many ways and as a result demands an entirely dif- 
ferent application of the principles of scientific management than 
metalworking. The industry as a whole is decidedly non-tech- 
nical and unstandardized. The equipment is undeveloped and in 
the average plant maintenance receives comparatively little at- 
tention. Any very highly developed scientific mechanism is 
therefore inapplicable to tlie industry, and for the same reason, 
in applying the functional type of organization, the application 
must be considerably modified and simplified. During the sev- 
eral years of experience of the author and his associates in apply- 
ing scientific management to this industry, it has been his purpose 
to confine his recommendations and installations largely to funda- 
mentals, hoping that after these have operated for some time that 
refinements of management and operation similar to those usually 
applied in the metalworking industry may be ultimately developed. 

Considerable space is devoted to the standardization of the 
product itself, as the utility of interchangeable parts and of de- 
sign which will assist manufacturing conditions has been little 
considered in this industry in the past. 

The selection, handling, storing, drying, and utilization of 
lumber is practically as important to the woodworking industry 
as is the control of labor, and in the chapters devoted to these 
subjects description is given of the layout of the physical re- 
quirements in the way of trackage and truck facilities for stor- 
ing and transporting it. Short descriptions are also given of the 
principal types of kilns commonly used for the drying of lum- 
ber, together with the theory of wood drying. Two common 
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nietliods for controlling the movement of the lumber and the 
maintenance of dryness standards are likewise described and il- 
lustrative bonus rates shown for the manual handling of the 
lumber. 

Purchasing and storing of material in general are treated 
rather briefly, as aside from lumber the volume of material used 
in a woodworking plant is not large. 

The type of planning department required for a typical fur- 
niture industry is also described in detail, with particular refer- 
ence to the stationery and forms required, the control boards, 
and the general method of procedure. Simplification of clerical 
methods by the means of graphic charts is suggested. The fun- 
damental theory upon which this planning department is devised 
is based upon the ordering of the product through the plant to 
meet the requirements of *'shaped parts'* and "machined parts." 
Many a woodworking plant suffers from the impossibility of 
controlling its product simply because the method of ordering 
the manufacture creates a large job shop in place of a manu- 
facturing plant. By the use of interchangeable parts wherever 
possible and the manufacture of these in large quantities through 
cutting and shaping operations, their storage in what is known 
as a '* shaped-stock" storeroom, their withdrawal from this stock 
for tile individual fitting or machining operations required by 
the different units of product, the storage of these machined 
parts in a *'machined-stock" storeroom from which they are 
withdrawn for the assembly or driving up operations, the ad- 
vantage of gross manufacture may be realized, if the planning 
mechanism is properly devised, without danger of overstocking 
obsolete parts or units of the product. The author has applied 
this method of woodworking control to the manufacture of 
chairs, tables and miscellaneous furniture, and going to a far 
extreme, boxes. 

The physical reorganization of a plant consisting of the 
rerouting and relocation of the equipment is also discussed. In 
this connection not only are the principles outlined upon which 
the reorganization is based, but the method and the routine for 
putting the changes through efficiently are also presented. 

The author has likewise endeavored to outline his recom- 
mendations as to the standardization of shop practice in suffi- 
cient detail to enable the management of a small shop to install 
the methods suggested. Charts and tables of operation stand- 
ards and time allowances are included wherever operations are 
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common enough to apply in the average factory. Details of ma- 
chine design and location are given for major operations, such 
as cutting-off, ripping, seat making, etc. 

The fundamental lack of data as to the proper cutting of wood 
is discussed, together with the elements of a theory for the cutting 
of lumber evolved during several years of observation of cutting 
times for major operations. 

The subjects of tool and fixture control, repair control, 
waste control, and the power problem in the average wcxxlwork- 
ing plant are discussed in short chapters. 

The handling of the labor problem in a woodworking plant is 
discussed from the function of employment and certain practical 
applications of social service, and other general considerations, 
through to the remuneration of the labor by a special plan of 
wage payment. The establishment of the labor standards as a 
basis for this wage payment is covered by a brief description of 
simple time-study methods such as may be applied by a member 
of the local personnel of a woodworking plant. 

Finally, the subject of cost acounting is presented in consid- 
erable detail. The accumulation of material and lalx)r costs in 
the plant, the handling of indirect or overhead costs by means of 
a reserve or burden account, and the statistical details necessarv 
to apply the figures to the various units of i)roduct are each dis- 
cussed at some length. Charts of accounts and a general descrip- 
tion of the uses of inter-controlled works and private ledgers are 
presented to illustrate the control and proving of costs by their 
absorption into the general accounting. The conclusion outlines 
the results which may be anticipated from installation of the 
methods described. 

The author wishes to acknowledge the assistance of Mr. 
Harold A. Mar\'in in the preparation of the chapter on cost ac- 
counting, and also to acknowledge the careful eilitorial work 
and helpful criticisms of Mr. L. P. Alford, editor of Iiulustrial 
Afanagemcfit, in connection with the publication of a large por- 
tion of the present text in that journal. 

Carle M. Bigelow. 
Boston, Mass., 
June, 1920. 
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INSTALLING MANAGEMENT 
IN WOODWORKING PLANTS 



INTRODUCTION 

CEVERAL years ago an association of manufacturers com- 
^ posed of about sixty members, whose factories were engaged 
in manufacturing a similar type of furniture, opened a discussion 
regarding the necessity for a uniform plan of cost accounting. In 
order to demonstrate the necessity for such work, the secretary 
of the association had specifications drawn up for a standard 
type of an article of furniture manufactured by practically every 
member, and he submitted these specifications to the various 
members with the request that they figure the cost of manufac- 
ture. The replies to these inquiries received by the Secretary 
showed a variation of over one hundred per cent between the 
lowest and highest cost calculated by the various members. 

As a result of this investigation, the association not only 
authorized the organization with which the author is connected 
to devise and install for it a uniform plan of cost accounting, but 
it also brought about a general inquiry by individual members 
into the effectiveness of their own businesses and this in turn led 
to the introduction of scientific management in the plants of sev- 
eral of the members. With this work as a nucleus, similar work 
has been done in practically every branch of the woodworking 
industry. All of the engineering and management features have 
been executed under the supervision of the author and he has thus 
been afforded an opportunity to judge from actual experience the 
efficacy of the application of the various fundamentals of sci- 
entific management as applied to the woodworking industry. 
Each phase outlined in these discussions has been actually applied 
in one or several instillations in woodworking factories, the au- 
thor having selected and outlined herein the various practices 
which have proved most effectual. The majority of the illustra- 
tive examples have been taken from chair manufacturing practice 
with which the author is particularly familiar. 

In addition to discussing the application of scientific man- 
agement to woodworking, it is also the purpose of the author 
to outline the principal phases of the technique of the general 
application of the principles of scientific management as viewed 
by himself and associates, and which he believes apply funda- 
mentally to any industry. 

I 



CHAPTER I 

TRADITIONAL PECULIARITIES OF WOODWORKING 
MAKING SCIENTIFIC MANAGEMENT 

ESSENTIAL 

THE utter lack of true cost data in the past by the woodwork- 
ing, industry has in a large degree been the principal cause 
of its difficulties. Due to this lack and the resulting practice of 
flagrant price cutting, a competitive condition resulted which so 
reduced the margin of profit that practically no surplus was 
available for improvmg, or in fact, even maintaining plant and 
equipment. Practically the only changes in plant or equipment 
made were to counteract actual breakdowns or very noticeable 
depreciation. Often such matters as leaky roofs were allowed to 
go without repair until such a condition became absolutely in- 
tolerable. Machinery was patched up time and time again in the 
cheapest ix)ssible manner, often sacrificing operating efficiency 
to prevent expensive cost of repair. Proper cleaning and sani- 
tary conditions were of necessity utterly neglected and five years 
ago the average factory of the particular branch of the wood- 
working inditstry under discussion was in a very lamentable 
physical condition. 

Figures i, 2 and 3 are good illustrations of conditions preva- 
lent at that time and which are unfortunately still common in 
many instances. These photographs indicate the absolute im- 
possibility of effectual operation under such physical conditions. 

Effect of These Conditions on Woodworking Machinery 

Not only did this condition of ruinous competition have a di- 
rect effect upon the productive capacity of the factories, but it 
also injected a further unfortunate condition. As the wood- 
workers could not afford to buy any machinery that was not ab- 
solutely needed and since it must then be at the least possible 
exi^ense, there was little incentive toward the design and develop- 
ment of improved or automatic woodworking machinery. As a 




pelopmeiit, design, and constructii 
■king or textile machinery 



V'ariety or PRonrcT 

Furniture, like clutliing, is constantly changing in style, and 
his continual changing results in a factory having to handle a 
targe variety of pnxluct within a coniparalively short period 
bf time. By nn means is this variety as diflicult to cope with, 
nowever, as in many metalvvorking plimts. for while there actu- 
tfly is a large variety, the similarity of different parts and de- 
Kgns reduces this variety very materially, and the sl^Sfc^J}^ of 



special equipment docs not involve the constant redesign of ex- 
pensive tools and equipment as in nietalworking. The average 
woodworking manufacturer, however, would not concur in this 
opinion, 

A constant difficulty before the minds of the woodworkers 
regarding any attempt to carry out standardization of product or 
manufacturing metliods is tliis question of variety. The author 
is of the opinion that the average woodworking manager really 




believes that his particular industry has to cope with a larger 
problem of variety and manufacture tlian in any oilier industry. 
With tins opinion regarding variety, however, a rather peculiar 
condition has arisen. Instead of making an attempt to control 
or reduce the effect of variety of product, the woodworker has 
apparently considered it an absolutely necessary evil and very 
few have made any attcnipts to reduce variety through stand- 
ardization uf design, interchangeable parts, or limitation of line. 
This belief in the unavoidability of variety and failure tu make 
any attempt to control it is not only a stumbling block in the way 
of scientific management, but it has also been the means of hold- 
ing back the design of woodworking machinery, inasmuch as the 



manufacturer has considered automatic machinery impossible to 
adapt to the necessarily large variety of his product. 



Little Regard for Economic Material Utilization 

Until quite recently, lumber could be obtained very cheaply 
and most means which would have conserved its utilization in- 
volved more expense than the original cost of tlie material. Fur- 
thermore, any spoiled parts or waste could be utilized as fuel. 




FlCUBE 3. — Congestion of Maetnties and Stock in a Woodworking Shop 



Through the years there has tlius been a failure to comprehend 
the value of utilizing material economically. 

Of late years lumber has increased in value until it has now 
reached a price which makes it absolutely essential tliat it be 
handled economically. However, not only have many maniif.ic- 
turers failed to grasp this point but due to the years of the lack 
of such requirement the creating of a proper regard for this 
utilization is extremely difficult. This question will later be cov- 
ered in detail. 



Lack of Technical Training Among Managers 

A fact quite difficult to explain upon cursory examination is 
that in the entire woodworking industry there are few men of 
technical training. The progress of the metalworking industry 
can be traced to the prevalence of engineers in the organization 
of that industry, and to-day practically no metalworking plant 
of any size whatsoever is without its engineering department. 

The author has had dealings with over sixty woodworking 
plants, but in not a single instance has he discovered any sign 
of a real engineering department, and in the large majority there 
has not been a single individual connected with the industry who 
has had the benefit of an engineering education. The reason for 
this is perhaps to be found in the very traditional manner in 
which woodworking is conducted. There is no appeal to the 
young engineer to enter the industry as the traditional lines and 
methods along which it has been prosecuted are at utter variance 
with his scientific and progressive training. For instance, even 
in factories having continually changing designs, the usual pro- 
cedure is not to provide detailed drawings, sketches, or blue prints 
of the product, but to operate wholly from wooden patterns or 
models, which is obviously as "rule of thumb'* a procedure as is 
possible to imagine. 

A further detail of similar procedure, or perhaps a result of 
the above, is the great variation in dimension of the various lots 
of the same part of a unit of furniture. The result of this is, 
of course, an utter lack of interchangeability of parts, the same 
being enhanced by the common procedure of setting up machines 
by means of the above mentioned patterns instead of by gauges 
or templets and necessarily somewhat influenced by the presence 
of variable quantities of moisture in the wood. In other words, 
the means utilized in metalworking factories by engineers to 
standardize and cheapen methods of manufacture is not applied 
to woodworking, and the industry investigated broadly is found 
to be wholly traditional in its policy. An amusing method of 
avoiding ill effects of interchangeability of parts is the common 
practice of allowing the same operative to both machine and as- 
semble furniture, which is based upon the supposition that if he 
is to put it together he will surely machine it correctly. As a 
matter of fact, is allows him, if machined incorrectly, to destroy 
and replace the defective parts, or by various means to patch them 



up in the method of assembly. The author has seen many an 
hour spent by an assembler in sawing up incorrectly machined 
parts in order that they might not be identified in the boiler- 
house. 

Interest of Managers in Merchandising 

Another factor which has tended to prevent improved manu- 
facturing methods is the fact that the majority of managers of 
woodworking industries, at least those with whom the author has 
come into contact, are more interested in merchandising than 
they are in manufacturing. While in other industries the best 
brains of the organization are applied to both manufacture and 
disposal of the product, in the woodworking industry it is a 
legitimate criticism to state that manufacturing is neglected, and 
the attention of the more important executives is usually directed 
towards buying and selling lumber and in disposing of their 
product. 

In more than one instance where the effectuality of a wood- 
working concern has been investigated it has been found that 
while the business as a whole showed a profit, the actual manu- 
facturing was carried on at a loss, the manager more than off- 
setting this loss by the profit he has realized in trade in lumber. 
Such merchandising profit is of course not to be deplored, but if 
similar additional intelligence had been brought to bear upon the 
manufacturing phase of the business as well, the final profit 
would have been much increased. 

This is not stated in a spirit of criticism. Many of these 
managers are unusually capable business men. But instead of 
devoting a proper share of their attention to the actual operation 
of their plants they leave this to incapable subordinates, who are 
often good workmen but lacking in breadth of judgment and cre- 
ative ability to control the plant or to develop efficient manu- 
facturing priKesses. 

An illustration of the clever merchandising genius of these 
managers is recalled. This man found that he could not disi>ose 
of several hundred juvenile chairs of a certain design, which he 
usually sold for alx)ut seventy-five cents each. Noting some very 
nt>vel Mother Goose cretonne in New ^'ork, he purchased a sup- 
ply and had a small portion of a yard tacked over the iKick and 
seat of the chairs. The cost was about ten cents per chair and 
he finally sold every one of them at two dollars each. T**** «« 
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creative ability applied to the operation and development of the 
manufacturing plant is necessary. 

We therefore have to deal in the installation of scientific man- 
agement in woodworking plants, with an industry utilizing tra- 
ditional rule of thumb methods in nearly all its procedures, with 
practically an absence of technically trained managers, an utter 
lack of standardized procedures, and quite often a real neglect 
of the necessities of the manufacturing phase of the business. 
Furthermore, we have to deal with an industry often crippled for 
funds and with plants poorly designed, even in a deplorable physi- 
cal condition and with inadequate machinery and equipment. 
These fundamental facts should be borne in mind in the following 
discussions of the application of scientific management to this 
industry. 



CHAPTER II 
Organization and Its Installation 

THE first step in the actual reorganization of a woodworking 
plant after the preliminary survey, which in most cases is 
made and accepted by the Board of Directors as a basis of es- 
tablishing the necessity for a reorganization, is a study of the 
present organization of the business and the creation of an or- 
ganization chart which shows graphically the functions of the 
various members. Such a chart for a typical woodworking or- 
ganization is shown in Figure 4. In studying this chart it should 
be borne in mind that a large number of woodworking plants 
have a total personnel seldom exceeding three hundred, and a 
complete organization with separate individuals for each of the 
various functions of the business is therefore usually impossible. 
For instance, the assignment of purchasing to the president, and 
advertising to the treasurer would seem impractical in most in- 
dustries, but considering the size of the average woodworking 
industry it has been found that such assignment is logical and 
practical. Reading Figure 4 concurrently, the plan of organiza- 
tion outlined is as follows : 

Stockholders. The principal directive function of the 
stockholders is to elect a Board of Directors. 

Board of Directors. The Board of Directors elects the 
President and. Treasurer, the two active officers of the concern, 
and has a general control over the business. 

President. The President, who is responsible to Board of 
Directors, is the executive head of the organization, and is 
directly in charge of manufacturing and purchasing. In this 
connection, the President should bear in mind that the effective- 
ness of the manufacturing processes of the business is a prime 
factor in the success of the project. Through the purchasing he 
will find an outlet for the common desire of woodworking of- 
ficials to deal in lumber, but he should be made to realize that 
the business is a manufacturing project rather than a merchandis- 

9 
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ing one. As mentioned in Chapter I, the princijial official of a 
woodworking plant too often devotes his energies towards mer- 
chandising to the detriment of the manufacturing. 

The assignment of purchasing to the President does not in- 
volve a large amount of routine work. The actual mechanism can 
be carried on by a clerk as excepting lumber the purchasing does 
not aggregate a large amount. However, responsibility for the 
procurement of the proper grades of lumber at legitimate prices 
is such an influencing factor upon the final success of the busi- 
ness that its control naturally devolves itself uix)n the princijxil 
oflicial. 

The President, as the executive head of the business, is 
usually in charge of the reorganization, and the professional en- 
gineers retained for this purpose are usually responsible to him. 

Treasurer. The Treasurer, who is responsible to Board of 
Directors, is in charge of the merchandising, office, accounting, 
sales, and advertising. This makes a good division of resixmsi- 
bility between him and the President, the latter being responsible 
for the manufacturing or internal work of the company together 
with the procurement of materials which is closely allied to the 
manufacturing, while the Treasurer is rcsiKnisihle for the ac- 
counting and publicity which represent the external work and 
the connection between the external and internal. 

The necessary retainment of professional accountants for jhi- 
riodic audits and organization of accounting methods should be 
also subject to the Treasurer. 

Works Manager. The Works Manager, who is responsible 
to President, is directly in charge of the manufacturing and op- 
eration of the plant. Often he will act as the actual shop su- 
perintendent, depending upon the size of the plant. There is 
shown in the chart, however, his assistance by a Shop Superin- 
tendent, as in practically every woodworking plant investigated 
there was found a Sui>erintendent and an Assistant Superintend- 
ent whose duties roughly correspond to those of the Works Man- 
ager and Shop Sui)erintendent, as outlined below. Hie Works 
Manager therefore has the following five assistants: 
Planning Chief (see page 12) 
Employment Manager 
Hires all employees 

Maintains records covering the time of employment, phys- 
ical condition, wages, and effectuality of all em- 
ployees 
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Studies methods and makes recommendations to the 
Works Manager for the reduction of labor overturn 
In charge of protection through the watchmen. 
Shop Superintendent 

In charge of shop discipline and execution of production 
laid out by the Planning Department through the 
foremen of the following departments:^ 
Yard and Kilns 

Cutting, Planing, Gluing, and Shaping 
Bending 
Veneering 
Machining 
Sanding 
Assembly 
Finishing 
Upholstering 
Shaped Stockman 
Machined Stockman 
Chief Engineer 

In charge of heat, light, power, maintenance, construc- 
tion, and tool and jig making, assisted by the fol- 
lowing : 
Engineer 

Steam power and heat 
Electrician 

Electric power and illumination 
Millwright 

Repairs and construction 
Jig and Tool Maker 

Makes all jigs and tools, designed by Chief En- 
gineer in conjunction with Shop Superintend- 
ent. 
Designer 

Design of product 

Preparation of drawings, patterns, etc. 
Planning Chief. The Planning Chief, who is responsible 
to Works Manager, is in direct charge of the Planning Depart- 



1 In small factories these foremen can often be "working bosses" if the operation of 
the plant follows the plan described. The foremen, except in very large woodworking 

Slants (which arc few), serve under this plan merely as the representative of the Shop 
uperintendent ' j- '-^^ . • 

trolled 

foremen 

cfifectivelj. 



:s Qwhicn arc tew;, serve under tnis plan merely as the representative of the Shop 
rintendent for disciplinary purposes; production and quality being largely con- 
id by the Planning Department. This is usually essential as the average grade of 
nen found in woodworking factories are seldom capable of assuming broader duties 
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ment which plans and controls all production, issuance of fac- 
tory orders, maintenance of necessary manufacturing informa- 
tion and records, control of wage payment, figuring of time 
cards, material and stock requisitions and inventories, compila- 
tion of direct labor and material cost data, quality of product, and 
general effectuality of the plant operations with the assistance of 
the following: 

Standards Clerk 

Motion and time study 
Rate setting 

Standardization of product and operations 
Preparation of standard instructions. 
Storekeeper 

Receiving, storing, and disbursement of lumber and all 
other materials. 
Stores Clerk 

Perpetual inventories of materials, parts, and finished 
product. 
Order Clerk 

Maintenance of layout sheets, preparation of factory or- 
ders, material requisitions, and job time cards, and 
maintenance of order summary, and lumber control. 
Schedule and Despatch Clerk 
Maintenance of control boards 

Dispatching of factory orders, material requisitions, and 
job-time cards into factory, and adjustment of con- 
trol boards upon their return. 
Time Clerk 

Figuring of all job-time cards, checking same against in 
and out cards, and maintenance of workmen's rec- 
ords which serve as a basis of preparation for the 
payroll. 
Records Clerk 

Prices and extends material requisitions and posts direct 
material and labor cost to cost summaries. 
Inspection and Move Boss 

The Inspection and Move Boss verifies througli his assist- 
ants the accuracy of production records of all major 
operations and is responsible for the entry of correct 
production data on job time cards. At the same time 
the production is verified his assistants are to verify 
the accuracy of the product by inspection against ar^ 



14 

quate patterns or gauges and throw out all culls. 
When accuracy and count have been verified he is 
responsible for product being moved to proper loca- 
tion for the subsequent operation. 

Cost Clerk. The Cost Clerk, who is responsible to the Treas- 
urer with a functional relation to the President, receives the ac- 
cumulated direct labor and material charges from the Planning 
Department, adds the proper burden to them, and prepares 
therefrom final cost reports, comparative statements, etc. The 
Cost Clerk operates the **works ledger'* described on page 279. 

Office Manager. The Office Manager, who is responsible 
to the Treasurer, is responsible for the office and all functions 
thereof. He is assisted by the following individuals whose duties 
are self-evident: 

Order Clerk 

Paymaster 

Bookkeeper 

Billing Clerk 

File Clerk 

Stenographers 
Sales Manager: The Sales Manager, who is responsible to 
the Treasurer, is responsible for selling the product and the ship- 
ping. Responsible to him are the: 

Salesmen 

Shipping Clerk 

Installation 

With the completion of the organization chart and its ap- 
proval by the representative appointed by the Board of Directors 
(usually the President), the gradual instruction of the personnel 
of the organization in their new duties as they are worked out, 
must be undertaken. This is accomplished first by personal con- 
ferences and demonstrations, and secondly by the use of carefully 
prepared general instructions the use of which is outlined in the 
following instruction actually used on contracts. 

How TO Write and Use General Instructions 

Broadly speaking there are two methods that may be fol- 
lowed in instituting any standard practice. One is to depend 
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upon verbal instructions; the other, upon written instructions. 
The former, especially in the form of conferences of heads of 
departments, is of the greatest help in securing co-operation of 
those who will be called upon to execute the details of the new 
practice and in serving to explain its advantages and clear up 
misunderstandings. Such conferences will do much toward off- 
setting the impersonal character of an order in writing. 

To be lastingly effective, however, personal instructions 
should be backed up by written instructions hereafter referred to 
as general instructions or simply instructions. Verbal utstruc- 
tiofis are more easily forgotten, disregarded, or misunderstood 
than orders in writing and do not carry tlie, same weight as a 
typewritten standard practice instruction signed by some official 
of the company. Moreover, in personal instructions there is 
much greater liability of forgetting to explain some important 
detail. 

The policy of avoiding verbal orders is not, however, all that 
is necessary. That full benefit may be derived from standard 
practice instructions there should be established some regular pro- 
cedure providing for their preparation, approval, and issuing, 
otherwise there is danger that foremen and heads of departments 
will find themselves swamped with a great quantity of written 
orders, instructions, routines, etc., issued by different persons, 
sometimes contradictory, often changed, and not in accordance 
with any uniform or well-considered system. Under these condi- 
tions, it is no wonder if officials or foremen hesitate before look- 
ing through their mass of papers whenever any unfamiliar situ- 
ation arises. 

Features of the Plan 

The principal features of this plan are as follows: 
I The preparation of the standard instructions. This work 
should be delegated to one or more persons who are in a position 
to issue these instructions covering certain phases of shop work, 
such as the head of the Planning Department in preparing stand- 
ard instructions as to how certain forms should be made out by 
the factory foremen in order to give the proper information that 
is needed by the Planning Department. The head of the Experi- 
mental Department might be delegated to prepare standard in- 
structions covering the design of any particular part of the 
product. The writing of these instructions will also be to a con- 
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siderable extent part of the work of the General Manager. 
Regardless of who issues these standard instructions they should 
be O.K.'d and signed by the General Manager before they are 
sent out. 

2 These instructions should be prepared on standard size 
sheets with headings showing the subjects, the instruction num- 
ber, and the date of issue. 

3 A system of classified subjects should be outlined under 
which all instructions should come. 

4 No details of any importance should be omitted when writ- 
ing up these instructions and they should be kept strictly up to 
date by revision and additions. 

5 The standard instruction book should be kept in some par- 
ticular place in each official's or foreman's desk where it will 
always be handy for reference and easily found when new in- 
structions are to be inserted. This instruction book should be 
some suitable form of the loose-leaf type so that instructions may 
be easily inserted and kept under their proper heading. 

6 The actual issuance and insertion in the various depart- 
mental books should be executed by one individual only, acting 
under direct authority of the General Manager. 

7 Whenever a general instruction is issued which supersedes 
another, it should be titled — General Instruction (No.) Super- 
seding Instruction (No.), and across the face of the first page 
of the instruction superseded there should be written in ink by 
the person inserting the new instruction — Superseded by Instruc- 
tion (No.) on (Date). (Name) 

8 At the bottom of each instruction should be the name of 
the officer or department to which the same instruction has been 
issued. This will enable the executive to know whether or not 
he may count on any other department head being familiar with 
its contents. Only such instructions as concern a particular de- 
partment should be placed in a department instruction book. 
However, the general manager's instruction book should contain 
a copy of each instruction issued, filed by departments. 

Classification of Subjects Under Which All Instruc- 
tions Should Be Issued^ 

A = Policy 

B = Rules and Regulations 



1 These will be different for each contract. 
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C = Hiring, Handling, Training, and Discharging Men 

D = Design and Standardization of products 

E = Inspection 

F = Organization 

G = Preparation and Operation of Fonns 

H = Machines, Tools, and their Maintenance 

J = Maintenance General 

K = Motion, Time Study and Rate Setting 

L = Drawing and Blue Prints 

M = Receiving, Storing, Issuing, and Packing. 

When any instructions are sent out they should be taken to 
the various departments to which they have been issued and in- 
serted in the proper place in the instruction book. This must be 
done by the person who delivers the instructions and not left to the 
foreman. After the instruction has been placed in the book the 
foreman must be notified and his signature secured by having him 
place his initials after the notation of his department on the gen- 
eral manager's copy of the instruction. This will show that the 
instruction has been properly delivered and help to create a 
greater sense of responsibility on the part of the foreman for 
seeing that its provisions are carried out. Anyone who has 
signed a receipt for an instruction is strictly responsible there- 
after if he fails to comply with the instructions therein. Experi- 
ence has shown that no part of this plan is impractical. The 
business which has all its departments written up in this way 
possesses a record describing the procedure to l)e followed on 
ever)' kind of routine work. Furthermore, the scheme of classi- 
fication and indexing makes it possible to find at once any de- 
sired information. 

Such instructions as these greatly simplify the task of break- 
ing in new men. The time and expense which is consumed in 
their writing and issuing is regained many times over for they 
do away with the vast amount of wasted effort spent in giving 
si^ecial directions and in doing things wrong. 

The following is a typical illustration of a general instruction, 
as actuallv used on a contract : 

Standard Instruction 338-302 
Purchase Requisitions 

General Instructions M-2 

The purchase requisition form No. 9 has been des' 



the purpose of avoiding verbal requests to the Purchasing De- 
partment. The purchase requisition when properly made out 
l)y those having authority to issue same will constitute an order 
on the Purchasing Department to purchase the material called 
for on the requisition. Under the heading Quantity must be 
given tlie quantity of the material desired. The size, kind, and 
name of the article must also appear on the requisition. In the 
space headed Reason must be given the reason for requesting the 
Purchasing Department to purchase the material called for. 
The name of the person making out the requisition must also be 
given. The foremen will not be allowed to make any purchases 
except through the Purchasing Department. The copy below 
shows a purchase requisition properly made out. 







Mat. Reg. No. i. 


A. 


Date 




PURCHASE REQUISITION 

Purchase Or<l. No._80 


Mo. 


Db. 


Yr. 


5 


, 


19 








Quantity 


Size or Kind 


Article 1 Vendor 


I gross 


t'A"-io 


Plat head Bright Wood 
Screws 




Reason— 

For building ratk for \ 
■ 365 


1 
Vire Pipe Order No. Classified Material 1 


Unetasstficd Material V 


Signed; John Smiih s/i/ig 1 Checkel ApprVI 

Dept. Head | P. D. Supt. 

1 i : 


Form 9. Uesigned by CooU'y & Marvin Co., Boston- ChicaRO-Toronto ( 



Copies to: 

Yard and Kilns 

Cutting, Planing, Gluing, and Shaping 
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Bending 

Veneering 

Machining 

Sanding 

Assembly 

Finishing 

Upholstering 

Shaped Stockman 

Machined Stockman. 

With the creation of the functional organization under way, 
we next study the product of the plant with a view toward its 
standardization and syml)olization. 



CHAPTER III 

PRODUCT 

^ I ^HE average woodworking manufacturer considers that he 
-*- must have a wide range of product in order to maintain his 
sales. A chair manufacturer, for instance, will manufacture 
practically every kind of chair, reasoning that while he may lose 
money on the rockers he makes, his large profitable line of diners 
would be cut into if he did not manufacture the rockers, as he 
would lose certain customers if he could not sell them both types. 
This line of reasoning is pursued until we find a factory of per- 
haps a hundred men manufacturing every type and kind of chair 
made, on many lines of which the manufacturer is losing money 
through the small volume produced. 

Not only is part of the product manufactured at a direct loss, 
but the necessity of manufacturing so many lines also requires a 
considerably greater investment in equipment than would be nec- 
essary for a specialized line, inasmuch as some special equipment 
for each of the various lines must be maintained. Furthermore, 
the workmen of necessity must be changed from operation to 
operation to handle the various types of product with a result- 
ing lowering of efficiency of operation. It is not maintained that 
a furniture manufacturer should make but one article or grade of 
article only, but for a chair manufacturer to make practically 
every type of chair known from cheap three-spindle kitchen 
chairs to expensive upholstered drawing-room chairs, or for a 
table manufacturer to try to manufacture a range of tables from 
the cheap variety turned out by automatic machinery and packed 
six in a crate, to expensive cabinet-made library tables, is abso- 
lutely inimicable to economy of operation. A chair manufac- 
turer, for instance, should specialize in two or three lines, for to 
attempt to manufacture in a small plant, diners, rockers, office 
chairs, juvenile chairs, and bedroom chairs requires too great an 

20 



21 

investment in equipment, and renders practically impossible any 
standardization of operating conditions or equipment. 

As an example that such practice is not uncommon, the cata- 
logue of a chair plant with but two hundred employees in all, 
displays six hundred and seventy-two numbers divided in the fol- 
lowing classes : 

Short-post wood-seat diners 
Long-post wood-seat diners 
Box-seat diners and arm chairs 
Short-post wood-seat sewing rockers 
Long-post wood-seat sewing rockers 
Bedroom chairs and rockers 

White enamel chairs, rockers, benches, and stools 
Wood, cobbler, and pad-seat arm rockers 
Spring seat-arm rockers 
Typewriter chairs 
Rotary office chairs and arm chairs 
Stools 

Children's high chairs 

Youth's chairs and combination high chairs 
Kindergarten and nursery chairs 
Children's rockers 
Misses' rockers 
Douglas office chairs 
Students' and lunchroom chairs 
Boston rockers 
Invalid chairs 
Cribs 
Folding chairs. 

Standardization of Parts 

Not only are the lines too extensive, but in the majority of 
woodworking factories but little attention is paid to the possi- 
bility of utilizing standard or interchangeable parts. Too often 
it is the practice of the designer in making up a new article to 
absolutely disregard the existence of parts very similar to those 
utilized in previous models. For instance, in a chair plant we 
found the following nineteen cross-sectional dimensions (in 
inches) of square stretchers: 
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11/16X13/16 VsXiy2 

. Kx% iX% 

^Xi iXi 

y4Xiys ixiys 

^Xi5/i6 iXiK 

MXi>^ iXi^ 

^X2 ixiy2 

13/16X15/16 1X2 

1X2 3/16 

After working with the designer it was found that without 
injuring the beauty or utiHty of the designs in the least these 
nineteen cross-sections could be reduced to the following six : 

ysXji ixi 

^Xi iXi>^ 

HXiy2 1X2 

Examining the length of the above stretchers we found that 
they were being cut into the following lengths — 10, iij4, 12 J4, 
13, 14, 15, 16, 17, 18, 19, 20, 21, 21 >^, 22, 221/^, 23, 42, and 43 
inches. Standardization of these lengths showed that the large 
majority of such stretchers could be cut in sub-divisions of 42 
inches, that is, loyz, 14, 21, and 42 inches. This allowed stock 
to be cut 42 inches long and re-sawed into halves, thirds or quar- 
ters. Where slight variations of these lengths were required an 
attachment was designed which took care of this at the chucking 
operation. 

Next investigating the turned stretchers we found that ^ 
inch stretcher stock was being cut into the following lengths — 

gy2, loys, II, IIJ4, 11^, ii>^, 11^, 12, 1214, 125^, i2}i, 

12%, 13, isys, 13M, i3^» i3J^» i35^» 13^, i3%» 14, HVsf 
I4>4, i4ys, i4>^» 14^, hH^ 15, i5f^» i6j^» i6j^, 17, and 19J4 
inches. These lengths were similarly classified as were the square 
stretchers above. 

Similarly, other parts may be so classified. For instance, 
the back posts of chairs are often carried in thirty or forty dif- 
ferent sizes and perhaps eight or ten diflferent angles of bend. 
We have frequently found this number in small chair factories 
of two hundred people. Standardization of this part alone, 
however, in a large plant employing six hundred people, reduced 
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the lumber size of all back posts to three units with a maximum 
of two different angles of bend. Inasmuch as the average chair 
post is 42 inches long and has a cross-section of at least i by 2% 
inches, the saving in material and machine labor can readily be 
realized for such standardization. 

In case-goods factories, standardization of veneered panels 
is also a very important item. In one plant that was carrying 
over six hundred sizes of panels in stock, standardization of de- 
sign eliminated all but fifty-three of these sizes. This enabled 
a great deal of the cutting to be done on gang-saws with chain- 
feeds owing to the larger sized orders of the fewer sizes. 

Utilization of Waste 

A fallacious argument used by many manufacturers when 
standardization of their line is suggested, is that a wide range 
of sizes allows them to utilize their waste to better advantage. 
For instance, in the making of scjuare stretchers in a chair factory 
many manufacturers beHeve that they can make these more 
cheaply from the miscellaneous waste of the balance of the fac- 
tory than they can cut them from new lumber. When one con- 
siders that there will be thousands of odd sizes of all kinds of 
lumber both dry and green which will have to be sorted out and 
then cut into the various sizes of stretchers, it is very evident (it 
has been demonstrated by the writer by actual exi)erimentation 
and test) that it is far cheaper to cut stretcher stock directly from 
new lumber after proper standardization of cross-section and 
length as indicated above has been carried out, than to endeavor 
to put miscellaneous waste into such stock. To utilize the mis- 
cellaneous waste, aside from the cutting of a few small items 
such as comer blocks, cleats, braces, etc., it is recommended that 
a small by-product article be made such as tent-pins, pegs, tool- 
handles, etc., into which all types of waste, green or dry, and of 
any kind of wood may be put, such manufacture being carried 
out on automatic gang-saws and automatic turning or shaping 
machines. The handling of miscellaneous waste in any other 
manner than bv automatic or semi-automatic machinerv, will 
be found to cost more for labor than the reclamation of the ma- 
terial warrants. 

NoMENCLATrRE OF THE PRODUCT 

Unclassified as are the parts, the names of tf 
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are often entirely based upon arbitrary numerals, as is almost 
invariably the case in referring to the parts themselves. For ex- 
ample, it is very common to find the various items of product 
catalogued as — 5380-J4-AW, 58o->4-L, 5097-AW, 4297-AWD, 
etc. These letters and figures have often very little significance. 
In place of such hit or miss nomenclature, it has been our cus-* 
tom to establish some such plan as follows : 

Tables. In a table plant the following nomenclature was es- 
tablished for the product : 

First digit indicates Class: — 

1 Tabourettes 

2 Pedestals 

3 Printed Parlor Tables 

4 Solid Parlor Tables 

5 Printed Library Tables 

6 Solid Library Tables 
etc. 

Second digit indicates Style: 

1 Mission 

2 Adam 

3 William & Mary 

4 Jacobean 

5 French 
etc. 

Third and additional digits indicate individual pieces num- 
bered serially in each class, and style as tables are 
brought out, thus: 
643 The third Jacobean library table brought out 
1 1 78 The seventy-eighth Mission tabourette brought out. 

Chairs. Chairs may be symbolized as follows: 
First letter indicates Class of Chair 
Second letter indicates Division of Class 
Third letter indicates Detail of Finish 

Numbers indicate Serial denoting particular chair in order 
brought out. 

Short-post wood-seat diners DS 

Long-post wood-seat diners DL 

Box-seat diners DU 

Box-seat arm diners DAU 
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Slip-seat diners DSU 

Slip-seat arm diners DSAU 

Short-post wood-seat sewing rockers RS 

Long-post wood-seat sewing rockers RL 

Bedroom chairs ^ 

Bedroom rockers (if finished white or ivory, 

use W or I after symbol) BR 

Wood seat-arm rockers R 

Cobbler-seat arm rockers RC 

Pad-seat arm rockers RP 

Spring (auto) seat arm rockers RA 

Typewriter chairs T 

Rotary office chairs OR 

Rotary office chairs upholstered ORU 

Stools S 

High chairs H 

Combination high chairs HC 

Youth's chairs (misses) Y 

Youth's rockers (misses) YR 

Kindergarten chairs K 

Nursery chairs N 

Douglas office chairs OD 

Student's or lunchroom chairs L 

Boston rockers RB 

Invalid chairs I 

Folding chairs F 

Cribs (no symbol) Number only. 

Nomenclature of Parts 

Another difficulty encountered in establishing any nomen- 
clature is the fact that the various parts of furniture are given 
different nomenclatures in different parts of the country. Fig- 
ures 5 and 6 illustrate this fact by showing the different names 
given to the same part of a chair in different parts of the coun- 
try. It will be well for the reader to familiarize himself sonie- 
what with the various names of the chair parts as shown in these 
figures, as frequent references will be made to them, as the chair 
industry represents a large bulk of the wixxi working industry. 
For instance, the following variation of names is found: 

Front post or leg 
Back or top slat 



Centre or bottom slat 
Runner or rocker 

The terms stretcher, round, and spindle are very variously de- 
fined and used by different chair manufacturers. However, the 
most embarrassing phase in estabHshing standard nomenclature 
oi parts, is found in the usual practice of assigning to a part the 



Figure 5.— A Rocking Chi 




E the Parts Indicated 



mmiber of the unit of product in which it is first used. For in- 
stance, in an analysis of product of a certain chair plant, it was 
found that the front post No. 5080 was used in the following 
chairs : 



S097AW 


4952AW 


S095AW 


5380 'A AW 


509IAW 


5380AW 


5083AW 


S080L 


5038SW 


5080 y, L 


4297AW 


S093AW 


4297AWB 


4942 '/, L 



It must be admitted that the operatives often become very 
familiar with these names and experience no considerable dif- 
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ficulty, but the utter lack of systematic nomenclature makes it 
very difficult for any one not familiar with the plant and prod- 
uct to comprehend the names of the various parts or to assign 
them to the proper units of product. In place of such arbi- 
trary numbers, a simple form of mnemonic symbolization for 
each part, followed by serial numerals indicating the individual 
parts under that classification, is found much more preferable. 




fnntf^ar ~' 



FiOi'KE 6.— Anollicr Slyle of Cliair Willi the N 



For chairs the following has l)een found very satisfactory : 

Bent Back BxB 

Straight Back BxS 

Bent Banister BnB 

Straight Banister BnS 

Bent Center CnB 

Straight Center CnS, 

Square Back Pom PBX 

Turned Back Post PBT 

Square Front Post PFX 

Turned Front Post PFT 

Front Rail RF 

Side Rail RS 

Back Rail RB 

Square Spindle 
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Turned Spindle SpT 

Square Stretcher StX 

Turned Stretcher StT 

Square Pillar PIX 

Turned Pillar PIT 

Rocker Rk 

Rizer Back RzB 

Rizer Side RzS 

Arm Am 

Apron Ap 

Bow Bw 

Wood Seat SW 

Frame Seat SF 

Box Seat SB 

Square Stump SmX 

Turned Stump SmT 

Special Z 

Comer Block CB 

Rim Rm 

Brace Br 

In a table factory the following was found satisfactory : 

Base Blocks 

Solid BBS 

Built-up BBB 

Base Ends 

Solid BES 

Veneered BEV 

Brackets 

Shelf BrS 

Leg BrL 

Cleats CI 

Cleat Blocks CIB 

Columns 

Solid CS 

Built-up CB 

Comer Blocks CrBl 

Crosses Cr 

Desk 

Backs DkB 

Brackets DkBr 



29 



Caps DkC 

Front Pieces DkF 

Ink-well Holders Dkl 

Lids DkL 

Shelves DkS 

Slats DkSl 

Tops DkT 

Drawer 

Backs DBx 

Bottoms DB 

Sides DS 

Slides DSl 

Stops DSt 

Tops DT 

Feet 

Solid FS 

Veneered FV 

Legs 

Built-up LB 

Built-up Veneer LBV 

Solid LS 

Turned LT 

Veneered LV 

Leg Blocks LBl 

Leg Plugs 

Solid LP 

Slotted LPS 

Moulding 

Top MT 

Shelf Side MSS 

Shelf End MSE 

Shelf Rail MR 

Oval Drawer I'ronts 

Solid ODS 

Veneered ODV 

Panels 

Solid PS 

Veneered PV 

Rails 

Back RB 

Corner RC 

Front 
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Oval RO 

Side RS 

Shelves 

Book SB 

Solid ...SS 

Spread .SP 

Veneered SV 

Specials Z 

Styles Sy 

Tenons Tn 

Tops 

Solid TS 

Veneered TV 

Having now covered the organization and classified and sym- 
bolized the product, we will turn to the principal item of material 
used in woodworking, that is, lumber. 



CHAPTER IV 



LUMBER 



One of the factors which is as unstandardized as any other in 
the woodworking industry, is the selection of the proper grade of 
kimber. Some manufacturers maintain that it is cheaper to buy 
*'log run" while others will buy nothing but "number one com- 
mon." To a large extent, it is believed that this is a problem 
which can only be solved locally by intelligent investigation and 
test. In making such a test every influencing factor must be 
studied and recorded. For instance, first determine the price 
per thousand board feet delivered at the factory including freight, 
handling, etc. Finally, against this must be checked the resulting 
usable portion found by calculating the board feet in the resulting 
finished product. These two simple calculations alone are not 
sufficient, however, as the effect on labor cost of handling the 
greater amount of waste through the factory must be calcu- 
lated, that is, the additional holding up of inspectors in throwing 
out culls and the individual operating efficiency of each machine 
handling the product, particularly that of the cut-off and rip 
saws, where often twice as much material must be handled of 
log run than of number one common to give the same production. 
However, such a test is capable of being solved quite accurately 
if sufficient care is taken, and no manufacturer should feel justi- 
fied in stating that a particular grade is most economical for his 
factory or product, until he has made such a detailed test over a 
sufficiently long period of time and with all grades in question. 
Unfortunately, in making such tests the effect of increased labor 
cost is very often ignored. In the majority of tests of this na- 
ture which we have carried out it has been found that higher 
grade lumber is usually cheaper in the end than log run, but as 
stated above a local test only can determine this. 

Storage and Handling 

A woodworking plant of comparatively small size will use at 
least 2,000,000 board feet of lumber per year. Considering that 
average hard wood weighs 4 pounds per board foot, this means 
that in such a small factory 4000 tons of lumber a year must be 
handled. Furthermore, lumber is a rough bulky article and be- 
cause of its lengthy un'^ * Tt is therefore evident 
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that in the woodworking industry the handling of the lumber is 
a major problem and one which receives but little attention in the 
average factory. It has often been found possible to reduce the 
cost of handling lumber 75 per cent, through the application of 
the simple principles outlined below. In considering the handling 
of any heavy bulky material, the major proposition is to ac- 
complish the handling of this material whenever possible by 
means of machinery or transportation devices, rather than by hu- 
man power, and this applies to lumber very noticeably. 

Figure 7 illustrates the usual method of handling lumber in 
a woodworking plant. From the railroad car it is piled onto a 
dead pile, being scaled as it is removed from the car. The 
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Figure 7.— Comparison of Usual and Scientific Method of Handling Lumber 



dead pile is then sorted into special lengths, widths, or grades, if 
this is the practice in the local plant, although often such sorting 
is not carried out until the lumber is to be taken into the fac- 
tory. From the dead pile the lumber is next piled onto a wagon 
and again repiled in the lumber yard. When it is to be taken to 
the factory, it is again piled onto the wagon, from which it is 
piled onto a kiln truck. In some plants the kiln truck is run 
directly into the factory, while in others still another transporta- 
tion by means of a wagon is required. Finally, the lumber is 
piled down onto the floor of the factory near the saws, from 
which the workmen must pick it up board by board and place it 
on the saw bed. As indicated in Figure 7, the scientific method 
of handling is that after once being removed from the railroad 
car, aside from moving a car about the industrial trackage, the 
lumber is not again handled until it is thrown by the sawyer onto 
the bench of his saw, the pile being maintained at the proper 
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height constantly by an elevator. In other words, instead of six 
or seven repilings, but one is used in this method. It is this 
elimination of repiling which allows the saving of 75 per cent in 
cost of lumber handling to be realized. 

Layout of Lumber Yard 

Figure 8 shows the layout of a model lumber yard, holding 
2,000,000 board feet. The lumber is received in railroad cars 
on the railroad siding A. The yard is equipped throughout with 
industrial tracking set at 42 inch gauge, the usual weight of rail 
being 16 pounds per yard. On the loading track B small trucks 
or lumber sections are placed, such as are shown in Figures 9 or 
10. Across two such sections a heavy piece of timber is placed 
and lengthwise between two such sections of two trucks each, the 
lumber is piled in loads of about 4000 board feet ; that is, assum- 
ing 16 to 18 feet as the average length of the lumber, piled 6 feet 
wide and 8 feet high, the cars will hold about 4000 board feet. 
As the lumber is removed from the car, it is not only scaled, but 
sorted as each board is removed and piled on various cars such 
as that just outlined, which are placed along the loading track B. 
When a car is filled, it is moved along either of the transfer 
tracks Ci or C2 on a transfer car. These transfer tracks are de- 
pressed so that the small cars of lumber may run onto the trans- 
fer cars directly, from which they are shunted off onto any sec- 
tion of the track desired. The entire track system is slightly 
inclined toward the factory. This is to utilize the force of 
gravity in moving the heavy cars. As a truck is placed in its 
definite location within the yard, it is covered with a light roofing 
of cheap boards to prevent the deteriorating effect of rain, and 
the proper notice sent to the Planning Department as described 
on page 49 under the heading lumber control. 

Dimension stock is handled in the same way. except that it is 
pushed into the dimension stock shed D which is tracked simi- 
larly to the yard proper. When a load is to be pushed into the 
dry kilns it is pushed along the transfer track Ci, and is received 
on the turntable car E within the kiln building, from which it 
may be pushed directly into a kiln pocket. When the lumber has 
been dried, it is again received on turntable E and i)ushed di- 
rectly to the cut-off saws in the factory. Transfer track C2 is so 
arranged, that dimension stock may be received on the transfer 
car directly from the dimension stock shed D and pushed directly 
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to that point in the factory, where cut and ripjied stock normally 
arrives from process. In other words, all cut and ripped stock, 
whether from lumber or from dimension stock, is delivered di- 
rectly to the one proper point in the factory. 

The physical layout and equipment of the yard, however, is 
not the only factor necessary towards the economical handling of 
lumber. It is also necessary by means of motion and time study 
to create operating standards which will serve as a basis for the 




FicrRE 9. — Truck for Use in a Lumlier Yard 

Utilization of a wage incentive to force the workmen to maintain 
the necessary high standard of production. The following time 
study and bonus rate represents such a study made at a wood- 
working plant for unloading of lumber from cars. Similar 




Figure 10.— Another Type of Luml)er Truck 

rates can be worked out for other functions of handling lumber, 
an example of which appeared in an article by the author in the 
August, 1918, issue of Industrial Management, 

Bonus Rate for Unload.ing Lumber in Board Form From 

Cars 

Rate Symbol 

L-i All I inch lumber, except ^um and resawed birch 

L-2 All I y^ inch lumber 

L-3 All I Yz inch lumber and i inch gum 

L-4 All I ^ inch lumber 

L-5 All 2 inch lumber 

L-6 All 2^ inch lumber 

L-7 All 3 inch lumber 

L-8 All I inch resawed birch 
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Time Allowed 

L-i 3.82 minutes = 0.064 hour per 100 board feet 

L-2 2.84 = 0.047 

L-3 2.37 = 0.040 

L-4 2.15 = 0.036 

L-5 1.80 = 0.03 

L-6 1.28 = 0.021 

L-7 1. 17 = 0.02 

L-8 4.13 = 0.069 

Work Handled Under This Rate 

These rates include the unloading of the above mentioned 
classes of lumber from cars placed at predetermined spots and 
piling same onto cars. 

Description of Present Conditions and Cost 

The operation as at present performed consists of one man 
inside the car handing out the lumber to a man on the outside who 
receives and piles it. 

Past records, although somewhat inaccurate, show that 
124,305 board feet of i inch lumber were unloaded in 142 hours, 
which averages 875 board feet per hour, or 6.85 minutes per 100 
board feet. This would total 8750 board feet unloaded per 10- 
hour day by two men at a labor cost of $5.00 or at the rate of 
$0.57 per 1000 board feet. 

Lumber records also show that 33,891 board feet oi 1% 
inch lumber were unloaded in 23 hours, or at a rate of 14,700 
board feet per lo-hour day. This would cost $5.00 per day for 
labor or at the rate of $0.34 per 1000 board feet. 

Past records also show 38,930 board feet of lumber classed 
under L-3 were unloaded in 32.5 hours, or at a rate of 12,000 
board feet per lo-hour day, which would cost $5.00 for labor, 
or at the rate of $0,416 per 1000 board feet. 

Other records show that 63,095 board feet of i^ inch lum- 
ber were unloaded by two men in 70 hours, or 905 board feet 
per hour, which would equal 6.64 minutes per 100 board feet. 
This would be a total of 9050 board feet per lo-hour day at a 
labor cost of $5.00, or at the rate of $0,553 P^^ looo board feet. 

Recommendatio}is for Standardisation of Conditions and Cost 

This operation will be performed under the bonus system in 
the same manner as at present. 
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At 95 per cent efficiency a man would make $0,275 P^^ hour, 
as a base rate, plus 20 per cent bonus or $0.33 per hour per man, 
which would equal $0.66 per hour for two men. The cost at 95 
per cent efficiency and the resulting savings are shown in Table i. 

Table i — Cost of Unloading Lumber in Board Form 





Present Cost 


Cost at 95% 


Saving 




in Dollars 


Efficiency 












Class 






Dollars 












Percent 




Per 


1000 Board Feet 


^ 




L-i 


0.57 


0.42 


0.15 


26.4 


Lr^ 


0.34 


0.312 


0.028 


9.0 


1-3 


0.41 


0.262 


0.148 


36.0 


W 


0.55 


0.236 


0.314 


56.0 


1-5 


No record 


0.198 


• • • • 


• • • • 


L-6 


No record 


0.141 


• • • • 


• • • • 


W 


No record 


0.129 


• • • • 


• • • • 



Furthermore all demurrage on unloading lumber will be 
avoided if the Planning Department properly outlines the work. 

Table 2 — Data for Unloading Lumber in Board Form 
Approximately 15,000 board feet per car 



Class 



Lumber 



Lr-l 
1-3 

L-4 

1-5 
V^ 

L-7 



Board Feet 

per 

Board 



Weight 

per 
Board, 

Lb. 



All *! in. except gum and resawed 

birch 

AlliJiin 

All I J4 iJi* and I in. gum 

All I J4 in 

All 2 in 

All2»iin 

All 3 in 



6.5 


26 


9 5 


38 


12.0 


48 


13 5 


54 


15 5 


62 


25.0 


100 


28.0 


112 



Average 

Number of 

Boards 

per Car 



2300 
1580 
1250 

IIIO 

970 
600 
540 



Analysis: 

A =Time required to lift board out of cars to man on 
outside =0.20 minute; 
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B=Time required for opening and getting into car = s 

minutes ; 
C = Time required leaving car = f.i5 minutes; 
D =Time required punching time card = 2.0 minutes. 

As actual handling of board occupies 85 per cent of time, 85 
per cent of theoretical allowance must be made for rest and 
delays. 

As shown on Figure 11 the size of the lumber has little effect 
on the handling time per board as it is shown that the average 
handling time per board for i and i^ inch lumber varies but 
approximately 6 per cent, therefore time per board is the constant. 
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Figure ii. — Chart Showing Handling Time per Board 

Synthesis: 

r=Time allowed per 100 board feet, 
t =Actual time per 100 board feet. 



minute =3.08 minutes = handling 



15.4XA =15.4X0.20 
time for 100 board feet=; 

=0.0066 =car per 100 board feet. ' 

15,000 

Therefore 0.0066 (B+C+D) =0.054 minute = allowance per 
100 board feet for opening door, etc. =y. 

t =x+y =3.08+0.054 =3-134 minutes; 
3=per cent allowance for rest and delays = 22 (load=36 
pounds which require 28 per cent rest time under 
strain =8^ per cent, therefore allow 22 per cent); 
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7 = 1 .2(/) = 1.22 (3.134) =3.82 minutes per 100 board feet. 

- — = 10.53 = number of boards per 100 board feet. 
9-5 

10.53X^4=10.53X0.20 niinute = 2.io6 minutes = handling 

time for 100 board feet =x, 

100 

— =0.0066 =car per 100 board feet. 

15,000 

Therefore 0.0066 (B+C+D) =0.054 minute = allowance 

per 100 board feet for opening door, etc. =y. 

/ =^+>^ = 2.106 +0.054 = 2.16 minutes. 

2= per cent allowance for rest and delays =31.5. 

7 = 1 .z{t) = 1.315 (2.16) =2.84 minutes per 100 board feet. 

L-3 

100 

— =8.33 = number of boards per 100 board feet. 
12 

8.33 XA =8.33 X0.20 minute = 1.66 minutes = handling time 

for 100 board feet =x, 

100 

=0.0066 = car per 100 board feet. 

15,000 

Therefore 0.0066 {B +C+D) = 0.054 minute = allowance 
per 100 board feet for opening door, etc. =y. 
/=^+j =0.66 +0.054 = 1.72 minutes; 
2= per cent allowance for rest and delays =37.4; 
7 = 1 .z{t) =1.374 (1.72) =2.37 minutes per 100 board feet. 
L-4 

100 

=7.41 = number of boards per 100 board feet. 

13. 5 

7.41 xA =7.41 X0.20 minute = 1.482 minutes = handling 

time for 100 board feet =x, 

100 

=0.0066 =car per 100 board feet. 

15,000 

Therefore 0.0066 (i5+C+Z)) =0.054 minute = allowance 

per 100 board feet for opening door, etc. =y. 

t=x+y = 0.482 +0.054 = 1.54 minutes; 

z =per cent allowance for rest and delays =39. 

7 = 1 .z{t) =1.39 (1.54) =2.15 minutes per 100 board feet. 

100 
= 6.04 s = number of boards per 100 board feet. 
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6.045 Xi4 =6.045 X0.20 minute = 1.209 minutes =handling 

time for 100 board feet =x. 

100 

=0.0066 =car per 100 board feet. 

15,000 

Therefore 0.0066 {B+C +D) = 0.054 minute = allowance 

per 100 board feet for opening door, etc. =y, 

/ =jt:+>' = i. 209 + 0.054 = 1.26 minutes; 

z =per cent allowance for rest and delays =42.5 per cent; 

T = i.z{t) =1.425 (1.26) =1.80 minutes per 100 board feet. 

L-6 

100 

— =4 = number of boards per 100 board feet. 

25 
4 XA =4 X0.20 minute =0.8 minute =handling time for 100 

board feet = a:. 

100 

=0.0066 =car per 100 board feet. 

15,000 

Therefore 0.0066 {B+C+D) =0.054 minute allowance per 

100 board feet for opening door, etc. =y. 

/=^+>' =0.8 + 0.054 =8.54 minutes; 

z =per cent allowance for rest and delays = 50 per cent; 

7 = 1 .z{t) = 1.50(0.854) =1.28 minutes per 100 board feet. 

L-7 

— -- =3.57 = number of boards per 100 board feet. 
28 

3.57 Xi4 =3.57 Xo. 20 minute =0.714 minute = handling 

time for 100 board feet =x. 

100 

=0.0066 =car per 100 board feet. 

15,000 

Therefore o.co66 (5 + C + D) = 0.054 minute = allowance 

per 100 board feet for opening door, etc. =>'. 

/ =x+y=o.'ji4-\ 0.054 =0.77 minute; 

2 =per cent allowance for rest and delays = 52 ; 

7 = 1 .z(t) = 1.52 (0.77) =1,17 minutes per 100 board feet, 

L-8 

Rcsawed Birch. Average 6 board feet per board. 

100 

= 16.66 = number of boards per 100 board feet. 
6 

16.66 X^4 = 16.66 X0.20 minute =3.33 minutes =handling 

time for 100 board feet =x. 

100 

=0.0066 =car per 100 board feet, 

15,000 
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Therefore 0.0066 {B +C+D) =o.os4 minute = allowance 
per 100 board feet for opening door, etc. =y. 
/ =^+7=3-33 +0.054 =3-384 minutes; 
z =per cent allowance for rest and delays = 20. 
7 = 1.0(0 = 1.22 (3.384)=4.i3 minutes=o.o69 hour per 
100 board feet. 

B071US 

Labor rate $0.25 per hour. 

Base rate $0,275 per hour. 

Pay bonus based on curve shown in Figure 1 16 ( see page 222 ) . 

When lumber invoices are received by Planning Department, 
they will decide when cars will be unloaded. They will make out 
time cards showing number of board feet and time in which to 
be handled. Workmen will stamp cards at start and finish of job. 

Drying Lumber 

The major consideration in the handling of lumber in the fur- 
niture industry is the proper drying of the lumber. This drying 
presents two principal factors ; first, the lumber must be so dried 
that good furniture can be made from it, and second, the process 
of drying itself must not waste the lumber and must economically 
utilize the necessary heat. This subject of drying is as unstand- 
ardized throughout the industry as is any other factor. Several 
volumes could be written covering all the various theories of dry- 
ing lumber and types of drying apparatus in use throughout the 
country at the present time. The war has had a salutary eflfect 
upon this situation, however, in that the Bureau of Forestry and 
the Universitv of Wisconsin have carried on some valuable ex- 
periments in the drying of lumber. These experiments were pri- 
marily intended to investigate the possibilities of quick-drying 
spruce for aeroplane purposes, but they have led to the develop- 
ment of the Tiemann Kiln named after its inventor, H. D. Tie- 
mann, who is in charge of the Section of Timber Physics and 
Kiln Drying Experiments of the U. S. Forest Service. These 
experiments were carried out in a highly scientific manner and if 
the findings are only recognized and applied by the furniture in- 
dustry, tremendous improvements in this process will result. 

The theory of drying is to decrease weight, increase strength, 
and primarily to prevent shrinkage of the wood after manufac- 
turing. Aside from moisture existing from external causes sucH 
as rain lumber normally contains at what is known as tfie ' 
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saturation point'' from 25 to 30 per cent of moisture. By air 
drying, that is, piling in yards for a period of from six months to 
a year, this moisture may be reduced to a total of from 8 to 18 
per cent, although in the eastern states 14 per cent is possibly a 
fair average. 

Air drying, however, warps, checks, case-hardens, and honey- 
combs lumber, with an average result of causing a loss of about 
12 per cent in hard woods and 5 per cent in soft woods. Kiln 
drying, if properly carried on, considerably reduces these losses, 
greatly cuts down the manufacturing time and also makes the 
wood suitable for working. A certain amount of air drying 
varying from one to eight months is carried out by practically 
all plants, and in the kiln-drying process, lack of standardization 
is demonstrated by the fact that the kiln-drying process itself 
utilizes temperatures all the way from 60 to 300 degrees requiring 
from thirty-six hours to six weeks for i-inch stock and from two 
to five months for thicker stock.^* Also, in many plants, wood is 
steamed before kiln drying at from 20 to 40 pounds pressure per 
square inch for the purpose of eliminating water by the expansion 
of the air in the cellular structure of the wood. 

Principles of Kiln Drying 

The principles or requirements for the proper drying of lum- 
ber as stated by H. D. Tiemann in *The Kiln Drying of Lum- 
ber" are as follows: 

1 The evaporation from the surface of a stick should not 

exceed the rate at which the moisture transfuses 
from the interior to the surface 

2 Drying should proceed uniformly at all points, other- 

wise extra stresses are set up in the wood, causing 
warping 

3 Heat should penetrate to the interior of the lumber be- 

fore drying begins 

4 The humidity should be suited to the condition of the 

wood at the start and reduced in the proper ratio as 
drying progresses. With wet or green wood it 
should usually be held uniform at a degree which will 
prevent the surface from drying below its fiber sat- 
uration point until all the free water has evaporated, 
then gradually reduced to remove the hygroscopic 
moisture. 
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5 The temperature should be uniform and as high as the 

species under treatment will stand without excessive 
shrinkage, collapse, or checking 

6 Rate of drying should be controlled by the amount of 

humidity in the air and not by the rate of circulation, 
which should be made ample at all times 

7 In drying the refractory hardwoods, such as oak, best 

results are obtained at a comparatively low tempera- 
ture. In more easily dried hardwoods, such as 
maple, and some of the more difficult softwoods, as 
cypress, the process may be hastened by a higher tem- 
temperature, but not one above the boiling point. In 
many of the softwoods the rate of drying may be 
very greatly increased by heating above the boiling 
point with a large circulation of vapor at atmospheric 
pressure. In this case the dewpoint should be main- 
tained at 212 degree^ Fahrenheit to prevent surface 
drying or casehardemng 

8 Unequal shrinkage between the exterior and interior 

portions of the boards and also unequal chemical 
changes must be guarded against by temperatures and 
humidities suited to the species in question to prevent 
subsequent cupping and warping. 

9 The degree of dryness attained should conform to the 

use to which the wood is put 
ID Proper piling of the lumber and weighting to prevent 
warping are of great importance 

Type of Kilns 

From a physical standpoint the two types of kilns used are 
the continuous and pocket types. The continuous or progres- 
sive kiln provides for the lumber being entered on cars running 
on tracks, one load behind the other at one end of the kiln, and 
gradually advanced through the kiln as each new load is put 
in^ finally being pushed out the other end when completed. Ex- 
cept where large quantities of the same kind of wood are to be 
dried this plan is seldom feasible in the furniture industry. 
Furthermore, the presence of both green and dry lumber in the 
same kiln is objectionable, although sometimes the heating ar- 
rangement overcomes tliis objection. 

The pocket type consists of small c<m?»«^ * ''•h 



one or more loads of the same kind of lumber are introduced 
at the same time and which remain stationary until time for re- 
moval. This allows, by the use of a number of such pockets, sev- 
eral kinds of lumber to be dried at once in the same kiln and is the 
more sucessful in drying lumber for furniture, especially in small 
plants. 

The two major groups of kilns are dry air and moist air. For 
the drying of lumber, except in very obsolete plants, the dry-air 




FiGUBE 12— Ventilated Type of Dry Kiln 



method, which consists practically of a hot-air furnace, has en- 
tirely disappeared. In many furniture factories, however, it is 
still the policy to maintain such dry-air kilns, piling into them the 
cut or dimension stock, which practice is far from as efficient as 
that of drying the stock in the lumber form in a moist-air kilp, 
both from the standpoint of cost of handling the material and 
waste of lumber. 

Moist-air kilns may be divided into two subdivisions, external 
circulation, and internal circulation. The external circulation is 
subdivided into the ventilated and forced-draft types and in- 
ternal circulating kilns are divided into the condensing type and 
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the water spray or Tiemann type. In other words, kilns may be 
classified as follows: 

Class I Dry Air 
Class 2 Moist Air 

External Circulation 
Ventilated 
Forced Draft 
Internal Circulation 
Condensing 
Tiemann or Water Spray 




'Curtains toPrtrtnt Short 
Circuiting b^fowpilt. 



Condtnatr-' 



FiGi'RE 13. — Forced Draft Type of Dry Kiln 

There are also the steam spray (a modification of the Tiemann 
type) and superheated kilns, neither of which, however, need be 
considered, as they are not common types. 

Figure 12 illustrates the ventilated type. The fresh air enters 
through the air ducts beneath the heating pipes. The heated air, 
after passing through the heating pipes works through the lum- 
ber horizontally, taking up the moisture from the lumber, and as 
it becomes cooler and therefore heavier, sinks to the base of the 
kiln where it is sucked through openings into tall chimneys thus 
passing into the external atmosphere. 

Figure 13 illustrates the forced-draft kiln. In this type the 
heating apparatus is ordinarily located without the kiln proper. 
Hot air is forced through the heating system into the kiln where 
it circulates similarly to the ventilated type, although the moisture 
in the cold air is usually removed as condensate rather than be- 
ing passed off through chimneys. 



Figure 14 illustrates the condensing type of kiln. The heat- 
ing pipes are located beneath the lumber, and water-cooled con- 
densing pipes along the sides of the kilns. The warm air which 
has passed through the heating pipes rises, passing through the 
lumber horizontally, absorbing moisture, and the cool damp :ur 
in falling to the bottom of the kiln has the water removed from 
it by means of the condensers. Steam sprays are often intro- 
duced into both the condensing and ventilated types to increase 
the humidity. 

The Tiemann kiln is shown in Figure 15. It is of the internal 




Figure 14.— Condensing Type of Dry Kiln 



circulation type and so arranged that the humidity may be low- 
ered as the temperature is increased thus maintaining an even 
drying stress on the lumber through all its stages while in the 
kiln. 

The humidity is changed by saturating the air with water 
vapor at varying temperatures. For high humidity, hot water is 
used and for low, cold water. The temperature is raised by hav- 
ing the heating pipes arranged in several units so that the steam 
may be admitted to each unit separately. 

There are located behind the kiln three water sumps and a pit 
in which a pump is located. One sump is used for cold water from 
the cold-water main, one for the warm water returning from the 
kiln and the other for hot water which is heated by means of a 
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coil of steam pipes placed in the sump. By regulating the valves 
in the pipes leading from the sumps to the pump, water of any 
temperature may be pumped out through the water spray and will 
come in contact with the air. By this arrangement it is possible 
to prevent case hardening and honeycombing so prevalent in 
other types of kilns and to lessen the time required for properly 
drying the lumber. If through mismanagement of the kiln case 
hardening should develop there is a steam spray provided that 
may be used to still further increase the humidity and thus over- 
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come it, as case hardening is usually caused by using too high 
a temperature and too low a humidity. 

After the load of lumber is placed in the kiln a hygrometer 
connected with a recording dial is placed on the top of the load. 
Through the recording dial a permanent record of the humidity 
maintained in the kiln at all times is available. There are also 
two recording thermometers placed in the kiln. One is placed in 
such a position that the temperature of the air before heating 
will be seen and the other placed near the top of the kilns giving 
the temperature of the heated air. Canvas curtains are placed in 
the position shown in Figure 15 so that "short circuiting" of the 
air above the load will ' 
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When starting the drying operation the valve in the pipe 
leading from the hot-water sump to the pump is opened and the 
hot water is pumped to the water spray where it comes in contact 
with the air, thus increasing its humidity. 

The air then follows the course shown by the arrows in Figure 
1 5 through the baffle plates. The baffle plates prevent any water 
passing through the heating pipes with the air. One heating unit 
on each side of the kiln is turned on and the air is heated passing 
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Figure i6.— Sheet to Record Results of Scaling Lumber 

on between the two loads as shown by the arrows. The heated air 
then works out through the spaces between the boards and comes 
in contact with the condenser which causes the moisture that the 
air has collected while passing through the lumber to drop down 
to the drain. 

This circulation continues and the heat is gradually raised 
while the humidity is lowered in proix>rtion until the percentage 
test shows the lumber to l^e of the required dryness. 

The recording dial records are filed according to the kind of 
lumber and the original percentage of water in the lumber, thus 
serve as records of the temperature and humidity required to 
dry that kind of lumber most efficiently. 
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For use in the furniture industries, experimentation carried 
out by the author has indicated that the ventilating type of kiln 
shown in Figure 12 is the most suitable for drying birch, maple, 
and elm, while the Tiemann type is best adapted for drying oak 
and chestnut. It is frankly admitted that these experiments have 
not been carried to sufficient detail to definitely prove this point, 
but so far it has been indicated to the author that these two 
methods will dry the classes of woods designated in the most 
economical manner considering the resulting product 

Lumber Control 

In a great many woodworking plants the control of lumber is 
handled in as indefinite fashion as is the selection of the grade 
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FiGi'RE 17. — Form for Record of Liimhcr Received 



to be used as outlined at the beginning of this chapter. The de- 
tail to which the control of the lumber should be carried depends, 
of course, upon the amount and quality handled. The following 
methods are especially designed for use in large plants or where 
very accurate information regarding lumber is required. 

The first function uiK)n receiving the lumber is its scaling or 
inspection, which is carried out according to specific definite 
rules formulated bv the lumber associations. The results of this 
scaling arc usually indicated on a sheet similar in design to that 
shown in Figure i(), and this serves as a basis for acceptin<( or 
rejecting the lumber as billed. The final i)ayment for the lum- 
ber is based upon findings as rei)orte(i in this operation which is 
carried out by an experienced lumber scaler, as the lumber is 
removed board by board from the railroad cars. Any consid- 
erable portion of the lumber w*'* * " 1»n£ to be below 
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standard ts usually piled aade until the matter is settled with the 
vendor. 

In a small factory the recepticm of this form in the Planning 
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Figure i8. — Form for Record of Di 



Stock Received 



Department is considered as sufficient information for the main- 
tenance of luml)er receipt records. Where a detailed Planning 
Department is maintained, however, it is essential that the recep- 
tion be further indicated on forms similar to Figures 17 and 18 
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wliich indicate not only the lumber or dimension stock received, 
but also the location in which it is placed in the yard, with more 
or less description as to just what kind of lumber it is. For in- 
stance, high-grade lumber such as quartered oak is often sorted 
during the scaling into various widths which should be reported 
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to the Planning Department in order that when ordering lumber 
into the kilns or factory they may designate the proper width of 
board required. The purpose of this sorting into definite widths 
is to avoid waste. For instance, a part requiring lumber 6 inches 
wide if cut from 7 inch lumber results in an inch of waste. 
White and yellow birch are also usually separated. These sort- 
ings are physically controlled by piling the different varieties onto 
separate cars as the lumber is removed and scaled from the car, 
thus avoiding any rehandling or repiling. 

The lumber yard should be laid out in symlx:)lized sections, 
each pile having a symbol designating its location. On each pile, 
protected by a waterproof cover, is placed a record such as shown 
in Figure 19. It will be noted that this form is dcsij^ned with 
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Figure 20. — Form for Planning Department ShowitiK 
Lumber Required for C)rders 



extra large spacings for the purpose of allowing the entering of 
figures in the yard by the more or less large-fisted tally men. 
When the forms shown in Figures 17 or 18, the records of re- 
ceipt, are received in the Planning Department, a perpetual in- 
ventory maintained in card form, is posted. To avoid multi- 
plicity of forms, the form shown in Figure 19 which is used on 
the piles in the yard may be used in the Planning Department for 
maintenance of this inventory. 

As outlined above we have nr>w seen that all lumter or 
dimension stock received is carefully inspected and its reception 
indicated by posting to a perpetual inventory maintained in the 
Planning Department, which shows location, description and 
quantity. The payment for the lumber is usually provided for 
by forwarding the tally sheet .shown in I-'i|(ure 16 to the cashier. 

The next step in lumber control is the accumulation in the 
Planning Department on forms, similar to the one shown in 
Figure ao, of the hunbtf rmauircd to cover the various manu- 
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facturing orders which have been received by that department. 
This form is so designed that an assorted load of different 
thicknesses of the same kind of lumber may be accumulated if 
necessary. Its purpose is to indicate the lumber required to cut 



Load No. - 
Thicknen 
No. Bd. Ft. 



KILN ORDER 

Locatioo 

Kind 

KilnNo. 



SAMPLE IDENTIFICATION 
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Fkujre 21. — Form for Kiln Record 



the available orders, which will be described more in detail under 
the description of the functions of the Planning Department. The 
amounts required are posted to a card until a full load is accu- 
mulated. 

When the accumulation card indicates that lumber should be 
sent to the kilns for drying, a triplicate form as shown in Figuiie 
21 is made out, and forwarded to the yard foreman which au- 
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thorizes him to place a load of a certain size from a certain 
location into a certain kiln pocket. The operation of this form 
has to be carried out jointly between the accumulation of lumber 
required in the Planning Department, and information furnished 
to the department as to available kilns by the yard foreman. 




Figure 22. — Scale for Weighing Wood t ) 
Determine Moisture Content 



When the yard foreman makes up such a load and places it in the 
kiln, he tacks upon it copies A and B ol the form shown in 
Figure 21 and forwards copy C together with a sample of the 
green wood to the Planning Department. The Planning De- 



Test and Move +0 Cooler Nofice. 
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Mp^jUAY 






YEAR 



TAKETESTPIECEl KILN NO 



FROM LOAD NO 



IF TEST 13 O.K. 



MOYETO 



^_ ^ (Signed) COOLER NO 



DATE HOVED 
TO COOLER 



P1«(M« refurn to Planning Dephafter movinq ioods toCoolersshowinqdofes 



niowd 



(Signed) 



Record Clerk 



Figure 23. — Form for Order to Move Load from Kiln 



partment weighs the sample green, dries it, weighs it again, and 
thus determines the percentage of moisture which is entered on 
copy C. Figure 22 shows a special indicating scale for weighing 
wood to determine the moisture content. 

The Order Clerk in the Planning Dei)artment watches this 
file and from his knowledge of the time to dry certain kinds of 
lumber, makes out the form shown in Figure 23 when he con- 
siders that the load has been properlv Jni: of this 
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form, the Yard Foreman cuts a sample from the load indicated 
and sends it to the Order Clerk together with the form shown in 
Figure 23 and the sample identification, Form B (Figure 21). 
Form C (Figure 21 ) remains on the load. The Order Clerk tests 
the sample for moisture, and if it does not exceed 4 per cent (the 



DELIVERY KILN DRIED LUMBER :~MorT da y^year 



TAKE LOAD 
NUMBER 



FROM COOLER JTO OJT-OFFSMf oN OATF 



NUMBER 



4 



NUMBER 



(Signed) _ 



Record Clerk 



Figure 24. — Form Ordering Lumber to Cut-off Saw 

usually accepted satisfactory maximum moisture for use in fur- 
niture) he makes the proper entries on Form C (Figure 21), and 
on the form shown in Figure 23, returning this latter form to the 
Yard Foreman as his order to dispose of the load. 
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Figure 25. — Form for Delivery of Green Lumber 



It mil be noted that his form indicates removal from the 
kiln to a "cooler." The cooler is a dry warm pocket in which the 
load is held until its removal into the factory, to prevent its taking 
up moisture and to avoid leaving it in the kiln to cool gradually, 
thus unnecessarily holding up the kiln production. We do not 
advocate the use of the cooler when it can be avoided, but believed 
it best to outline the system of lumber control including it. 
Where possible provide adequate kiln capacity so that the loadis 
may be cooled down within the pockets, or provide a standing 



track in warm dry surroundings behind the cut-off saws for this 
purpose. 

The Order Qerk maintains on a 3 inch by 5 inch card file 
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Figure afi.^Form for Delivery o( Uimension Slock 

a record of all loads available in the cooler for taking into the 
factory. When a lumlMrr accumulation card (Figure 20) shows 
that a load of kiln dried lumber is required, he orders it into the 
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kilns as outlined atxne. However, the usual practice is to keep 
an assortment of all kinds and thickness of dried hinilx^r aht-nil 
of orders. In this case, or when the s|>fiia!ly dried load ni linn- 
ber is available, he orders it into the pro|)cr cut-off saw (ot>- 
taining this latter information frtnn a list prepared by the 



Schedule and Despatch Clerk), using a form such as that shown 
in Figure 24 for this purpose. When green lumber or dimen- 
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sion stock is required he orders these similarly on the forms 
shown in Figures 25 and 26 respectively. 

When lumber of any kind is thus ordered in, the Order Clerk 
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FicrRE 29, — Form for Lumber Requisition for a Small Plant 

notes the amount ordered in on the forms shown in Figures 27 
and 28, these accumulations serving as the source of lumber 
cost information for the Cost Clerk. The Order Clerk also 
deducts, of course, the amounts used from his perpetual in- 
ventory cards (Figure 19). 

There are various simplifications used in the control of lum- 
l>er. One is the use of moisture gauges to control the operation 
of the kilns, thus doing away with the weighing of the samples. 
The author believes in the use of such instruments to assist in 
kiln operation, but has never yet been convinced that the actual 
test of samples for nmisture was not essential, if a close moisture 
standard is to be maintained. 

The principal benefits to be obtained from the use of sudi 



57 

control instruments are that excellent standard drying practice 
can be evolved for definite kinds and conditions of lumber by 
reference to the records which show the actual drying procedure 
both as to temperature and humidity for the best performances, 
thus providing knowledge for their duplication. 

In a small plant, or where a high-grade yard foreman is 
available, aside from the keeping of the perpetual inventory, the 
entire lumber control may be operated with the two forms shown 
in Figures 20 and 29. The lumber requirements are accumu- 
lated as described above on the form shown in Figure 20 and the 
lumber ordered into kilns or saws on the form shown in Figure 
29, depending upon the foreman for the control of moisture 
content and location in the kilns. While this is satisfactory in 
small plants, it lacks the clear-cut absolute control of the method 
outlined above, and cannot be termed scientific, as it depends 
largely upon the personality of the yard and kiln foreman. 

We will next consider the control of the miscellaneous 
materials. 



CHAPTER V 
PURCHASING AND STORING 

THE purpose of controlling th^ purchasing and storing of 
material is to 
a Eliminate unnecessary purchases 
b Prevent purchases at inopportune times 
c Plan future purchases 

d Keep quantity stocked of each material normal 
c Prevent unnecessary capital being held up in stock 
/ Decrease cost of production 
g Minimize delays in production. 

Storekeeper 

In the organizing of a Stores Department, the first problem 
is the selection of the proper individual as Storekeeper who will 
be in charge of the maintenance of the Stores Department under 
the authority of the Planning Chief. A Storekeeper should be 
physically able to handle without assistance the storeroom of a 
small plant. In a large plant assistants are of course necessary. 
He should be a fair penman and accurate in simple mathematics 
in order that the necessary records may be legibly kept. He 
should also be neat and systematic in order that the stores may 
be neatly and systematically maintained, avoiding delays through 
mis-location and damage to stock by carelessness or lack of 
cleanliness. 

Standard List of Stores — Maximum and Minimum 

Requirements 

The first duty of the Storekeeper should be to assist the 
Planning Chief or the organizing engineer in preparing a stand' 
ard list of the materials to be stored with a maximum and mini- 
mum manufacturing requirement for each. 

The setting of the minimum requirement is based upon the 
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supposition that the minimum should represent, with a fair mar- 
gin for safety, a sufficient quantity of the store to supply the 
plant adequately during the period required to place an order 
for a new supply and receive it. In determining this factor con- 
sultation witii the Purchasing Agent and Factory Manager is 
essential. At first it is advisable to set minimums high rather 
than low, in order to safeguard delays in production, but even- 
tually all minimums should be placed as low as possible in order 
to prevent unnecessary capital investment. 

The setting of the maximums should be based uix)n the size 
of order which the Purchasing Agent can best purchase to take 
advantage of quantity purchasing without exceeding legitimate 
capital investment, with of course consideration given to neces- 
sary manufacturing requirements. The list of standard stores 
and all minimums and maximums should be carefully gone over 
at least once every six months by the Storekeeper, Purchasing 
Agent and Works Manager for possible revisions. 

SVMBOLIZATIOX OF StORKS 

After the preparati<in of this standard list of stores with its 
maximums and minimums, the (juestion of the symboliziition of 
these stores should be taken up. In many woodworking plants 
the range of materials recjuired for storing is so limited that 
symbolization of stores is not required, but where thousands of 
articles must be carried in stock, svml^jlization will be found 
valuable in order to establi>h a standard nomenclature to desig- 
nate each store. The f(»llowing illustrates a symbolization of a 
portion of the miscellaneous stores carried in a furniture factory. 
This is given for illu.stration only, as it is the opinion of the 
author that in this particular case the list is s'i limited that no ad- 
vantage was gained by such symbolization. 

F. H. Screws ^\-(> SF i 

.^M-^^ SF 2 

N-X SF 3 

■^4-ij SF 4 

\-\i ^V ^ 

i'« iJ SF (> 

i'4-i-' SF 7 

i\i-\2. SF 8 

i%/a-\2 SF 9 
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I J^:i-i4 SFi I 

1^-14 SF12 
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2^-14 SF14 

S'A-H SF15 
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O. H. Screws 1-8 SO i 

^-12 SO 2 
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3/16-12^ R 2 

Reg. Rod 3/16-10 R 3 

3/16-12 R 4 

9/^ K 5 
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3/16-18 R 7 
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Shaft Bolt 1^-3/16 BS i 
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214 BS 4 
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H-17 W 4 
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Plug Oak ^7 3-^ * S t6 Pz 

Buttons Oak H ' S ^^ Pi 

Plugs Birch 17 3-2/* ^ 1 Pj 

Rubber Tips Xo. 19 Ti 

Screw Bumpers No. i BcnS 

Tack Bumpers -BmT 

D. P. Brads ^4.-16 BrDi 

'g— 16 Brf>2 

^4-17 BrDj 

r-i6 BrD4 

I -4-16 BrD5 
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^s-i6 XB2 
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luOCATiox OF Stores Department 

With the »ti'/res classified and symbolized we next take up 
the actual de^^ign of the Stores Department. The stores should 
be located in »uch a position in the plant that incoming materials 
may be readily delivered to it. In determining this point it is 
neceMiary to a/nsider whether the materials are received by rail- 
road, which would require the department to be located near a 
railroad tiding, or whether the bulk of material is received by 
team. An additional consideration in the location of the store- 
'" 4iat it should be conveniently located to the manufac- 
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turing points utilizing the bulk of material stored. Sometimes 
storerooms must be established in several different locations to 
adequately cover this last point. This is usually true of the 
storage of finishing and upholstering materials. 



Equipment of the Storeroom 

In constructing the storeroom considerable thought and study 
is essential. Bins and storage spaces must be so constructed that 
material can be conveniently stored and removed. They must 
also be large enough to take care of the maximum manufactur- 
ing requirements. They should likewise be so constructed that 
an inventory can be easily taken at any time. 

Bins, racks, or the storage spaces, when possible, should be of 
standard steel type which may be readily bought from many 
dealers. However, where the material to be stored is of un- 
usual size, or when the manufacturer does not wish to invest the 
capital required for steel bins, they may be constructed of wood. 
Steel, however, has been found far more satisfactory and eco- 
nomical in the end if sufficient thought is given to the original 
design. 

The aisles or passageways between the various sections should 
be wide enough to allow the proper conveying devices (such as 
trucks) to be utilized. For small hardware parts, such as screws, 
a good arrangement of bins is to design them in such a way that 
when the bin is absolutely full it holds the maximum manufac- 
turing requirement, but when it is full only to the level of the 
front section it will hold approximately the minimum require- 
ment. This serves as an automatic notice of the reaching of 
the minimum stock requirement. 



Symbolization of Stores Department 

The symbolization of the storeroom is a matter which is 
often carried out with little idea of actual utility of such sym- 
bolization. The author has found the following method very 
satisfactory, inasmuch as this not only serves as a nomenclature 
for the various bins, but also indicates the location of each bin 
automatically : 



Sides or Rucks — consecutive odd numbers to left of aisle 
from point of entry; consecutive even numbers to 
right of aisle from point of entry. 
Tiers or Stacks — Alphabetically, away from aisie. 
Bi7is — Numerically, beginning at bottom, upwards. 
Figure 30 illustrates this symboHzation graphically. 

Perpetual Inventory 

As soon as the Stores Department has been completed, the 
material should be put away in the proper bins. On each bin 




of fOrm<^/ fntrj,_ 

Fii;ui(E 30. — Symbolizatioii of Storage Pins 



should be placed a tag such as shown in Figure 31, the heading of 
the tag being properly notated with the maximum and minimum 
requirements, location, name and size of article, and the amount 
on hand entered in the Balance column. At the same time, a 
Perpetual Inventory card as shown in Figure 32, should be posted. 
When all material has been thus liKated. the Perpetual Inventory 
cards should be sent to the Stores Clerk in the Planning Depart- 
ment. The Storekeeper should also inaintain a file on 3 inch by 
5 inch cards alphabetically indexed by articles and by sizes, thus 
showing the various locations in which each article is stored. 
Sometimes this is avoided by maintaining the location of articles 
on the perpetual inventory cards in the Planning Department and 
showing the location on the material reciuisition when this is 
written. Usually this is not feasible, however, in a woodwork- 
ing plant 
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Material Reservation and Requisitions 

When the Order Clerk writes up manufacturing orders as 
described in the next chapter, he makes out material requisitions 
such as shown in Figure 33, making the necessary posting in the 
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FitirRK 31. — Form for Stock liiii Ta>j: 



Delivered column on the Perpetual Inventory card (Figure 32), 
and adjusts the balance. In some plants where orders are ac- 
cumulated some time in advance, a form such as shown in Fig- 
ure 34 is used to reserve materials, which is handled in prac- 
tically the same manner as a material requisition so far as the 
Planning Department is concerned, until the material is actually 
used» when a material requisition (Fig. 33) is written. This is 
seldom essential, however, in a woodworking plant. 
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r>y WSL \2 — For= for Pcrr^r^ I="k«:torv- Card 

JT- tht^ rv<:;':t cha-pter, it is presented t«.- the Storekeeper tor lilUnfr. 
The SCi^>rtkeepCT first refers to his kxation file lor the location in 
which the material is stored: he then withdraws it« noting the 
re^/airitK/n number, date, and amount delivered on the bin tag 
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FfOiKE 33- -Form for Material Requisition 



CMgure 31 J adjusts the balance thereon, and delivers the ma- 
terial to the person presenting the requisition, forwarding the 
rcr)uisition Ut the Planning Department. 

Should there be more material received in a department than 
h required for immediate use on the order designated, a stores 
credit such as that shown in Figure 35 is made out and re- 
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turned with the goods to the storeroom, where it will be handled 
practically the same as goods received on a receiving slip as de- 
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Figure 34. — Form for Stores Reservation 

scribed on page 70, after which the stores credit will be for- 
warded to the Planning Department for the proper notation on 
the Perpetual Inventory card (Figure 32) and then to the Cost 
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Figure 35. — Form for Stores Credit 

Department where it will be handled as described in Chapter XV 
under costs. We have now covered the disbursement of ma- 
terial, from the original stock and will take up the purchase of 
additional stock and its handling in the Stores Department. 



The Purchase Requisition 

When a particular store has reached its minimum requirement 
as shown by the bin tag (Figure 31) a purchase requisition such 
as that shown in Figure 36 will be made out for the maximum 
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quirenient of the article by the Storekeeper, who will place a check 
mark against the space Classified Material. Purchase requisi- 



PURCHASE REQDISITlOff 



Mat.Rec|.No. 
Purchase Or.Ko. 



DATE 
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Signed. 
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FiGL'RE j6. — Form for Purchasing Requisition 

tions made out by the Storekeeper for such classified materials 
will l)e sent directly to the Purchasing Agent and will serve as 
his authorization to purchase the material. When special ma- 
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QUOTATION AND PURCHASE RECORD 




Fi<;uRE ^7.— Form for Quotation and Purchase Record 



terials such as to(jls, etc., that is, unclassified materials, are re- 
quired, a purchase requisition will be made out by the depart- 
ment liead recjuiring such material with a check against the space 
I'nclasMtied material (Figure 36). Such re(|uisiti()ns must lie 
O.K.'d by the General Manager before they become an authori- 
zation for the Purchasing Agent to purchase such materiall -.. 
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Figure 38. — Form for Original of Purchase Order 
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Figure 39. — Fomi for Purchase Order as Filed by Purchase Agent 



Purchasing 

Upon receipt of the Purchase Requisitions properly au- 
thorized, the Purchasing Agent will obtain quotations for the 
material required and record the final quotation selected on a quo- 



70 

tation and purchase record such as that shown in Figfure 37. 
Upon the selection of the vendor, the Purchasing Agent will note 
the vendor's name in the proper colunui on the purchase requi- 
sition (Figure 36) from which a stenographer will write the 
original and two duplicate purchase orders shown in Figures 38, 
39, and 40. The original (Figure 38 ) wnll be sent to the vendor; 
the first copy (Figure 39) will be filed by the Purchasing Agent; 
and the receiving clerk's copy (Figure 40) will be forwarded to 
the Storekeeper, who, in most woodworking factories, can act as 
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Figure 40. — Form for Receiving Clerk's Copy of Purchase Requisition 

the receiving clerk as well. In the typing of the purchase orders, a 
short carbon is used between the first and second copies, so 
placed that the quantity is not shown on the receiving clerk's 
copy, and by tearing oflF the right-hand edge on the dotted line, 
the price is not known. 



Receiving 

When materials are received, the Receiving Clerk locates his 
copy of the purchase order covering such goods, inspects them 
for quality, and if satisfactory, enters the quantity received in 
the proper column. If the materials are classified stores, he 
places them in the proper location, entering the number of the 
purchase order, the amount received and balance in the proper 
columns on the bin tag (Figure 31), and forwards the receiving 
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copy of the purchase order to the Stores Clerk, who will make 
the proper notations on the perpetual inventory card (Figure 32) 
and who will then forward the receiving copy of the purchase 
order to the Purchasing Agent. If the quantity and quality have 
been found correct, the Purchasing Agent will attach the receiv- 
ing copy to his copy of the purchase order (Figure 39) with the 
proper notations and forward them to the Cashier who will pay 
the account. 

Should a partial shipment only be received, the Receiving 
Clerk will report subsequent partial shipments on receiving copies 
of the purchase order, a supply of which will be furnished him 
in blank and which will be handled in the same manner as a 
complete shipment described above. 

Any shortage of quantity can be adjusted by the Purchasing 
Agent with the vendor from the information automatically fur- 
nished by the Receiving Clerk and the inspection by the Receiv- 
ing Clerk will determine any deficiencies in quality which the 
Purchasing Agent -can take up with the vendor. 

In a woodworking plant the duties of the Storekeeper are 
not usually heavy, as the miscellaneous materials used are slight. 
He usually is held responsible for the perpetual inventory of 
lumber, but delegates the actual control of this material to the 
Yard and Kiln Foreman as described in Chapter IV. 

The above outlined method effectively controls the materials 
of the industry in a simple effectual manner. We will next con- 
sider the control of production by the Planning Department. 



CHAPTER VI 



PLANNING DEPARTMENT 



The basis of information sent to tlie Planning Department as 
to what is to be manufactured, is furnished by manufacturing 
orders made out in the main office from the customers' order. 
They are transcriptions upon a uniform form of the customers* 
orders and they thus furnish all of the primary knowledge needed 
by the factory as to what product is to be shipped to certain 
customers. The manufacturing order is usually made out in 
triplicate on forms similar to those shown in Figures 41, 42, and 
43. The original or office copy (Figure 41) is retained in the 
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Figure 41. — Form for Original of Manufacturing Order 

office until the shipping copy (Figure 43) is returned from the 
shipper with notations showing that the order has either been 
shipped complete or in part. The amount shown on the ship- 
ping copy is then checked onto the office copy and the price of 
the amount shipped extended, after which the office copy serves 
as a source for billing the customer. When partial shipments 
are made, a copy of the balance of the order is made out on the 
same three forms with the same order number followed by a 
letter B and a large open- face rul)l)er stamp is used to notate Back 
Order across the face of each sheet. This prevents any possi- 
bility of the balance of the shipment being neglected in the case 
of part orders. 
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Accumulation of Order Data 

The accumulation or summary of order requirements in the 
Planning Department depends upon whether the factory manufac- 
tures to stock or to order. Where the line is properly standardized 
it is possible to manufacture to stock, but in the majority of fur- 
niture manufacturing concerns manufacturing is controlled by 
the orders received rather than by making any attempt to manu- 
facture stock, from which customers' orders could be shipped. 

When it is possible to manufacture to stock, a form similar 
to that shown in Figure 44 may be used. One of these is made 
out for each item of product with a notation showing the maxi- 
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Figure 42. — Form for Planning Department Copy of Manufacturing Order 

mum and minimum stock requirements and the standard sized 
order to automatically manufacture at certain periods or when 
the stock reaches the minimum. The setting of the maximum 
and minimum for each item should be done bv the Sales Man- 
ager as they primarily depend upon sales conditions. The nor- 
mal size of order to manufacture should be set by a conference 
between the Sales Manager, Works Manager, and Planning 
Chief, in order that it may not interfere with the sales, manu- 
facturing, or processing requirements. For instance, a certain 
item might be a particularly heavy runner requiring say, the 
manufacture of 30,000 units per month, but if the normal order 
was made a montlily order of 30,000, whenever this unit was 
put into process it would seriously hold up other orders. There- 
fore in such a case a weekly order of 7500 might be preferable. 
Of course the standard orders would be as large as possible 
in order to take advantage of the increase in manufacturing 
efficiency due to the saving in machine settincr recmired and 
avoidance of change of workmen. 
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When manufacturing stock and using the form similar to that 
shown in Figure 44, as each order is put into process the number 
of tmits is notated in the column Number against the proper date 
and order number. As the various manufacturing orders are 
received requiring this unit, they are posted showing the order 
number and number of units in the Applied columns (Figure 44). 
When the application of these orders shows that the stock order 
has been exhausted until only the minimum requirement remains 
available, an additional stock order should be put into process. 

The proper size of the normal manufacturing stock order 
can be automatically controlled by close examination of this 
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Figure 44.— Form for Posting Manufacturing Orders as Received 



posting. Suppose that a normal order is 5000 units once a month, 
but inspection of the application shows that the previous stock 
order of 5000 satisfied the customers' orders for a period of two 
months. This automatically indicates that the unit is losing its 
sales and the stock order then to be processed should be reduced. 
In making changes in these manufacturing orders, the Works 
Manager, Sales Manager, and Planning Chief should be con- 
sulted. On the other hand, supposing that the normal manu- 
facturing order is 5000 processed once per month, but that the 
entire 5000 has been exhausted by customers' orders in one 
week. This immediately indicates that either the size of the 
order must be increased, or that it must be manufactured more 
frequently. In spite of the varying lines of many furniture con- 
cerns and the remarkable fluctuations of the sales of various items, 
it has been shown that by the proper use of the above method al- 
most any woodworking factory will l)e enabled to manufacture 
to stock. A careful constructive examination of the application 
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of stock orders, on a form such as shown in Figure 44 and 
described above, as a basis for the processing of stock orders 
should prevent any accumulation of dead stock which would 
have to be disposed of at a discount. The entire sales situation 
is constantly before the eye of the clerk handling the record 
and any falling off in sales can be met by decreasing the manu- 
facturing requirements as well as unusual increases may be met 
without delaying deliveries, as is so often the case in factories 
which endeavor to manufacture simply to cover their current 
order requirements. 

When it is necessary to manufacture or process orders only 
as fast as customers' orders are received, a form similar to that 
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Figure 45. — Form for Summarizing Manufacturing Orders 

shown in Figure 45 is useful. The customers' orders are sum- 
marized daily from the Manufacturing Orders (Figure 42) and 
posted in the Ordered column of Figure 45 together with the 
balance to date. When a sufficient balance is accumulated, an 
order is processed and notated in the Processed column of Figfure 
45. This balances the processing against the orders received. 
This form may be further utilized to record the number of units 
of the product packed and shipped, thus giving a balance of the 
particular unit in process throughout the entire factory at any 
time. 



Shaped and Machined Stock 

Whether it is decided to manufacture to stock or to order, 
a fundamental principle applicable to the majority of furniture 
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plants and most woodworking concerns, is that certain parts of 
units of product may be manufactured to stock with two classifi- 
cations, namely, "shaped stock" and **machined stock." By 
shaped stock is meant the manufacture of interchangeable parts 
without any of the fitting or machine operations. For instance, 
a certain size panel for a piece of case goods, or a leg for a table, 
may be used in several units of product, but with different fitting 
operations. Advantage of quantity production should be taken 
in this case to manufacture the part through to the point where 
the operations are uniform. Such a part which has usually been 
given its fundamental shape but which has not been machined 
is known as shaped stock. When such shaped stock has been put 
through the various fitting operations and is ready to be as- 
sembled with other parts into the complete unit, such stock is 
then known as machined stock. 

Therefore, when goods are to be manufactured, the first re- 
quirement, after the size of the order has been decided upon, is 
to determine which of the following methods of manufacture 
shall be employed: (i) can they be assembled from machined 
stock; (2) can shaped stock be turned into machined stock and 
then assembled; (3) shall the manufacturing process begin with 
the raw material; or (4) shall a combination of these processes 
be used. To provide the proper basis for such control, store- 
rooms with racks and bins controlled by perpetual inventories 
must be created for both shaped and machined stock, their con- 
struction and control l^eing practically identical with that de- 
scribed in the previous chapter using the same perpetual inventory 
form as shown in Figure 32, bin tags such as shown in Figure 
31 and symbolized as shown in Figure 30. The perpetual in- 
ventories of shaped and machined stock are maintained in the 
Planning Department by the Stores Clerk. Having now shown 
the method in which the Planning Department is advised as to 
the manufacturing requirements, we will discuss the funda- 
mental records required. 

« 

Layout Sheets 

The primary record is the layout sheet showing all the neces- 
sary information for manufacturing an article of product. In 
various woodworking plants we have used two types of layout 
sheets shown in Figures 46 and 47 respectively. Figure 46 is a 
unit layout sheet, that is, a sheet showing the manufacturing de- 
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tails for a single part of furniture, while Figure 47 shows the 
complete layout sheet for manufacturing the entire unit of prod- 
uct. While the latter is usually a very large, clumsy form, it 
has been found far more effectual than the former sheet for the 
small number of interchangeable parts in the woodworking in- 
dustry does away with the advantage of the unit layout sheet. 
After all the possible standardization and development of in- 
terchangeable parts in a furniture factory has been carried out, 
there remain certain individual machining operations required by 
practically every different unit of product into which the part 
goes, thus requiring an individual layout sheet for practically 
every part in every unit of product. The complete layout sheet 
shown in Figure 47 gives all the information required in one place 
for manufacturing the unit of product. Sometimes both forms 
are used, unit layout sheets being made up for the manufacture 
of interchangeable parts through the point where their variable 
machining begins; that is. shaped stock (these parts are manu- 
factured and carried in stock) and the complete layout sheet 
showing their withdrawal from such stock and outlining the 
individual specific machining operations required for the as- 
sembly or unit in which they are to be used. 

The layout sheet is made out by the Standards Clerk from 
information collected as to materials used from the records or 
usually from the knowledge of the various members of the old 
organization, and recorded in a uniform manner. The manu- 
facturing data such as the sequence of operations, machines, 
bonus rates, times allowed, and controlling standard instructions 
are furnished by the time study men and Works Manager or 
Shop Superintendent as standard manufacturing methods are 
evolved as described in Chapter \'1II. The principal thing to be 
borne in mind in creating the layout sheets is that absolutely all 
information must be shown which is necessary for preparation of 
the factory orders. 

The summary of order requirements and the maintenance of 
the layout sheets is controlled by the Order Clerk as described 
in Chapter II on organization although, of course the prep- 
aration of the layout sheets as previously stated is a duty of the 
Standards Clerk. 

Making Out Production Orders 
When it becomes necessary to process goods^ ^ •• ^lerk. 
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after determining the size of the order to be processed as de- 
scribed above, takes from his file the layout sheet covering tlie 
unit of product to be manufactured and refers to the perpetual 
inventories of shaped and machined stocks, maintained by the 
Stores Clerk, to determine if the order can be manufactured from 
such stock or whether it is necessary to manufacture it in whole 
or part from lumber. The files of these perpetual inventories 
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Figure 48.~Form for Identification and Move Card 



must therefore be located where both the Order Clerk and Stores 
Clerk can have ready access to them. It is usually the case that 
certain parts must be manufactured complete while certain others 
can be drawn from the iwo stock rooms. In any case, production 
orders such as those shown in Figures 48 and 49 are made out. 

Figure 48 serves either to withdraw from shaped stock, to 
manufacture a part completely from lumber, or a combination 
of these procedures. One form is made out for each part re- 
quired by the unit. On this form complete information required 
to manufacture the part is copied from the layout sheet. 

The word Move on the back of the form is for the purpose 
of showing when an operation is complete, the Production Order 
is reversed and so placed in a clip on the truck that the word 
indicates to the Inspection and Move Boss on the floor that t}ie 
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truck is ready for inspection and moving to the next operation, 
which will be described later. When this form is used for the 
manufacture of either shai)ed or machined stock, it serves as a 
notice of the entry of such an amount of stock into the stockroom 
and is a source for posting such information to the perpetual in- 
ventory maintained in the Planning Department. The use of 
this card as a withdrawal or entry slip is accomplished by the 
insertion of a location symbol in the Out Location space by the 
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Figure 49. — Form for Withdrawal Order from Stock Room 

Order Clerk or in the In Location space by the Stores Clerk 
respectively. It will also be noted that spaces are provided for 
the insertion of a record of the number of culls made on each op- 
eration, which is an important factor in the waste control, which 
will be described later. 

Should sufficient stock be found in machined stock to make 
the order completely, a production order such as shown in Fig- 
ure 49 is used, which acts as a withdrawal for such stock from 
the machined-stock room and indicates the ix>int to which it 
is to be delivered in the Assembly Department. It also gives 
the standard information for manufacturing details on the re- 
verse side similarly to that shown in iMgure 48. 

In addition to serving as a withdrawal and ass^ 
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the last few lines on the reserve side of the form provide for 
the application of the manufactured order against the proper 
customers' oders. This is provided for by entering in the space 
O.O. No. the office order numbers which are to be covered by 
this manufacturing order, together with the necessary informa- 
tion as to the finishing, upholstering, etc. Between the Assembly 
and the Finishing Departments is located an Inspector. All 
forms shown in Figure 49 are sent to him after the work has 
started in process in the Assembly Department. As the finished 
product comes to him in the white, that is, direct from the 
assemblers, without finish, he places a sticker or tag on each 
unit as he approves it showing the office order number against 
which this is to apply and indicates thereon the necessary in- 
structions for finishing or upholstery, as shown on the reverse 
of Figure 49 and as he passes each unit tallies it in the Applied 
column on Figure 49 until the entire order has passed him and 
been applied. The product after completion in the finishing 
and upholstering department goes to the Shipper who assembles 
it in lots of similar office order number ready for shipment 
In case certain parts must be manufactured, that is, if the 
complete number of necessary parts are not shown in the ma- 
chined stock room by the perpetual inventory, the assembly order 
(Figure 49) is not issued tmtil those parts have been manufac- 
tured on the part orders shown in Figure 48. Provision is made 
for checking this fact on the assembly form by providing the V 
column. An assembly order is never put into process until every 
item shows this check mark which is placed thereon when the per- 
petual inventory shows the required number of parts in ma- 
chined stock. 



Lumber Requirements 

In case certain parts must be cut from lumber, reference is 
made to the file of lumber required forms (Figure 20) which is 
maintained by the Order Clerk and which was described in Chap- 
ter IV in the description of lumber control. If it is found that 
sufficient orders have not been received to cover the cutting of an 
entire load of the particular kind of lumber required, the Order 
Qerk will consult with the Planning Chief as to what shaped 
stock parts in addition may be safely ordered to consume the 
entire load. In other words, a load of lumber is not ordered into 
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the cutting-off saws until sufficient part orders are accumulated 
or parts can be cut for stock to entirely utilize the load. 

Cutting Assortment 

In accumulating the lumber requirements which are posted 
to the form shown in Figure 20 by the Order Clerk from the 
manufacturing orders received, the question of waste must be 
borne in mind. If waste is running at say, 20 per cent, the 
lumber required to cut the orders on hand must be increased 20 
per cent to cover this wastage. An additional point to be con- 
sidered in ordering lumber for cutting is that a sufficient range 
of sizes must be provided to utilize the lumber effectually. For 
instance, if a considerable number of 38 inch rockers is required, 
orders for two or three other parts requiring stock but 10 or 15 
inches in length are essential, as it is imix)ssible to cut any or- 
dinary run of lumber entirely into 38 inch lengths. Similarly, 
if wide-rail stock is required, corresponding orders for narrow- 
spindle stock must be cut at the same time or the utilization of 
lumber will suffer. The grouping of orders to protect the utili- 
zation of the lumber is a matter which cannot be entirely covered 
by rules of procedure, but must be acquired by experience, and 
consultation with the foreman of the cutting department and the 
shop superintendent. In fact, the Order Clerk in l>eginning his 
duties should never send any orders into the plant without con- 
ferring with these individuals as to their practicability. 

When the proper cutting assortment has l)een determined, the 
Order Clerk will attach to the part production orders on form 
shown in Figure 48 the proper order for the lumber as shown 
in Figures 24, 25, or 26, as the re(|uirement is for kiln dried, 
green, or dimension stock. 

Numbering of Orders 

The mjuuifacturing orders sent to the Planning Department 
by the main office should be nunil)ered numerically. The produc- 
tion orders, however, should be numbered as follows: the as- 
sembly production orders as illustrated by T^igure 49 will be num- 
l)ered numericallv followed bv a dash and a serial numeral be- 
ginning with 1, indicating the number of assembly orders for that 
particular production order. lM)r instance, the majority of pro- 
duction orders will have but one assembly numl^r, but shof*' " 
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manufacturing order require part to be manufactured of oak and 
part of birch, a separate production order will not be necessary 
for the two kinds of wood but the same number, followed by a 
dash and the serial numbers i and 2 will designate their individu- 
ality, but will allow them to be processed together, thus gaining 
the advantage of production manufacture. 

Part production orders as illustrated by Figure 48 should 
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FitURF. 50. — Form for Standard Manufacturing Instruction 

l)car the same production order as the assembly production orders, 
and be followed by a dash and serial digits in the same manner. 
lM)r instance, if production order number 500 requires twelve 
difTercnt parts to complete the unit, these parts will be manufac- 
tured on producti<m orders 500-1 to 500-12 respectively. 

This materially assists the stockkeeper in the machine stock 
room, as he realizes when he sees these numbers that these parts 
are to l)e immediately assembled into units and holds them in an 
accumulation space rather than putting them away in the bins. 
When parts are manufactured for stock alone, such serial digits 
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after the dash are not used, thus indicating to the stockkeeper 
that they are for stock and not for assembly, and hence may be 
put directly into stock. 

Standard Instructions 

As soon as the necessary production orders have been made 
out, the Order Clerk selects from his files the proper Standard 
Instructions to be attached to them. In woodworking, the stand- 
ard instruction forms shown in Figures 50 and 51 have been 
found satisfactory. The standard instruction shown in Figure 
50 is for use on individual parts. It is printed on tracing cloth 
and filled in in india ink from which blue prints may be made. 



ASSEMBLY OPERATION CARD 



CMftin HO 



•▼MMOt. MO 



"1 



OPCKATIONS 



OlSCRimON avMaoc 



vMaoc I ATiMift Mown «riM% 



vn Of cwMtt«-^ cHANq t , &yiMei»iTiL 



n 



FicrRE 51. — Form for Standard Instruction for Assembling 

The size and shape are such that the blueprints may be doubled 
and pasted over a standard shii)ping tag. This method allows a 
supply to be maintained at very little expense as these instructions 
are quite often lost in the shop. At the top of the instruction is 
shown a dimensioned sketch of the part and against each op- 
eration is shown the symbol of the jig, pattern, or tool to be 
used thereon. One of these should be attached to each part pro- 
duction order (Figure 48), giving the workmen the necessary 
technical information for performing their operations. 

In Figure 51, is shown an operation card or standard instruc- 
tion for assembly. These are maintained in two ways — a file of 
two copies of each may be maintained by the Order Clerk who 
will attach one to the assembly production order (Figure 49) 
before it is sent into the factory, retaining one codv in the file 
as a source of duplication in case the secor * 
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shop. The preferable method, however, has been found in 
maintaining a file of these in the Planning Department with the 
Filing Clerk for reference or duplication purposes, and have an- 
other file maintained by the Assembly Foreman who supplies the 
workmen with these forms whenever necessary. It will be noted 
that this assembly standard instruction shows the parts used, a 
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Figure 52. — Bonus Time Card 

description of the various individual operations, the symbols for 
the corresponding bonus rates, and the time allowed for each 
operation. It has been found good practice to paste a photograph 
of the unit of product which it covers on the back of this form. 
The standard instructions shown in Figures 50 and 51 should 
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FiGiJRK 53. — Labor Time Card 

supply to the workmen all the necessary information for the man- 
ufacture of the i)roduct not given on the production order. 



Job-Time Cards 

Having selected and attached the standard instructions to the 
production orders, the Order clerk next makes out job-time cards 
for each operation shown on the production orders, showing on 
the time card the order number, operation symbol, symbol of ma- 
chine on which operation is to be performed, symbol of the unit 
of product, estimated number of product, bonus rate under 
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which the work is to be carried on, and the time allowed. In 
Figures 52 and 53 are shown a form of time card which has 
been found very adaptable under the bonus plan used in wood- 
working factories, which will be described in Chapter X, under 
the subject of labor control. The form shown in Figure 52 is for 
recording bonus time ; that in Figure 53 for recording labor or 
lapsed time. Occasionally, however, it has been found advisable 
to use one form for both purposes, in which case a form similar 
to that shown in Figure 54 is recommended. When the time 
cards have been completely made out, they will be attached to the 
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Figure 54. — Form of Time Card Used With Bonus System of 

Wage Payment 



proper production orders, and the entire group of production or- 
ders, lumber orders, standard instructions, and time cards turned 
over to the Stores Clerk who will make out requisitions for all 
materials required as shown by the layout sheet and attach these 
to the job-time cards covering the operations on which these ma- 
terials will be used. The completed group of forms will then be 
given to the Schedule and Despatch, Clerk. 



Scheduling the Work 



The Schedule and Despatch Clerk actually plans the work of 
the factor)' and issues the production carders, time cards, standard 
instructions, requisitions, etc., to the proper foremen in the fac- 
tory. The mechanism of planning the work varies according 
to the size of the factory and the requirements of the manage- 
ment as well as the intricacy of the product. 



Job Progress Board 

In certain plants we have found a very simple production con- 
trol board such as that shown in Figure 55 is sufficient. The prin- 
cipal of this board is to show the progress of the various part 
orders of each complete unit covered by a production order, 
through the various sections of the factory. The two top lines 
of large white buttons show respectively the factory order num- 
ber and the number of part orders on the total order. The next 
five spaces represent the five manufacturing departments in this 
factory previous to assembly. Supposing that a certain fac- 
tory order has twelve part orders. Its progress through the fac- 




Coiitrol Board 



tory is indicated as the job-time cards are returned from the fac- 
tory, showing the completion of individual jobs and are re- 
corded by inserting a small white button with the number of the 
part on it; that is, in ttie example, from I to 12 in the proper 
position in the space representing the section of the factory 
wherein this particular part order has just been completed. When 
twelve such buttons are found in all sections previous to as- 
sembly, a large white button is placed in the seventh space from 
the top, indicating the number of assembly orders on the total 
production order, as in this particular factory the units were not 
assembled complete, but in certain sections. The progress of the 
orders through the balance of the factory is shown in the three 
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remaining spaces indicating assembling, finisliing, and packinj; 
respectively, by a number of buttons equivalent to the number 
of assembly orders. This is a very simple control board, but it 
has proved very effectual in several cases as it allows the Schetluje 
Clerk to constantly control the factory and to keep the individual 
buttons for the various part orders on each production order mov- 
ing downward across the board progressively and evenly. This 
method, however, fails to give the actual control of manu- 
facturing conditions which is obtained by the use of the board 




FiGURF. 56.— Atiotlicr Fi 



Colilrol lluard 



shown in the left-band side of I'igure 56. The details of tliis 
second biiard are belter shown in l-igure 57. 

Ordek Contkoi, Board 

The order control lK)ard is comiM)sed of a backing of wood 
covered with a layer of cork prciwration and painted black with 
white rulings. At the extreme left of the I»oard is listed tlie 
departments to which the work is to be scheduled and controlled. 
At the right of each departmental division is listed the machine 
symbols of all the machines and work siKices in the department. 
It is against these machine symbols that the work is scbedule<l. 
Across the top of the board is also placed a list of the various 
departments and marked Orders Held At. The purpose of 
these divisions is to show in which departments work is being 
held up. This is done by placing the order nunilwr of W()rk 
which is held up in a department on a small square of palmer and 
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attaching it to the top of the board in its respective departmental 
division. Underneath the departmental division at the top of 
the board a space is provided for recording the working days of 
the month. At the beginning of each month, the number of cal- 
endar working days will be placed in these spaces. Each of these 
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Picture Cord 
Fi(;rRE 57. — Detail of Control Board Illustrated in Figure 56 

divisions is subdivided into ten or less divisions to represent 
the working hours of the day. At the right of each departmental 
division, at the left end of the board, there is a horizontal column 
headed Orders Due to Leave This Department. In this col- 
umn, under the date and hour that an order is due to leave tlie 
department a small square of paper is attached bearing the manu- 
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facturing order number. Across the top of the board is attached 
a rod from which a picture cord is hung with a small weight at 
the bottom to hold it in a vertical position. Each hour of the 
day the Process Clerk will move the cord along the rod directly 
over the division representing the hour of the day. All unfinished 
operations to the left of the cord will be behind schedule. 

Operation of Control Board 

When the job-time cards (Figures 52 or 54) are turned over 
to the Process Clerk for scheduling, the allowed time for per- 
forming each operation will be noted and a strip of schedule tape 
cut to represent the length of time required to perform the work 
and the order number written on the tape. The schedule tape 
will then be attached by means of thumb tacks to the board 
opposite the department and machine symbol, where the work 
is to be performed, this information being taken from the job- 
time cards. The right-hand edge of the schedule tape will be 
placed directly underneath the date and hour that the job is 
scheduled to be finished. The order number will also be placed 
on a small square of paper and attached to the board in the 
space headed Order Due to Leave This Department, under the 
day and hour that the order is scheduled to leave this depart- 
ment. 

Assume that Figure 57 represents the condition of the control 
board at eleven o'clock on the third working day of the month. 
In Department CO only two machines have work scheduled to 
them, namely COi and CO2. Job number 1763 is behind sched- 
ule, also job numbers 1675 ^"^ ^^o in Department R and 1900 
in Department P. As soon as these jobs get behind schedule, the 
Process Clerk will place a red thumb tack on the schedule tape 
and. post the order at the top of the board under its respective 
department. When the job-time cards are returned to the Plan- 
ning Department, showing that the operation has been finished, 
the schedule tape will be removed from the board. If the order 
scheduled is on time, the schedule tape will be held on by a 
vellow thumb tack; if behind the tack will be red: and if ahead 
of time, green. After the work has been scheduled, the job-time 
cards will be taken by the runner of the departments where the 
work is to be performed. If the order calls for work on shaped 
parts, the production order shown in Figure 48, together with 
standard instruction tags will be sent to the Storekeeper and 
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will serve as a requisition on him to deliver the parts called for 
to the department where the first operation is to be performed. 
The production order and the instruction tag will at all times re- 
main with the work until it reaches the machined parts stores, 
but will then be returned to the Planning Department The in- 
struction tag will be filed for future use and the production order 
turned over to the Stores Clerk who will bring the stock records 
up to date. When the records show that all the parts for making 
the chair have reached machined stock, the Stores Qerk will 




Job Time Card Rark 



take the production order out of the Waiting for Parts to Reach 
Machined Stock tray and put it in the Orders to Be Assembled 
tray. The Process Clerk will then schedule the order on the 
assembly operations. 

If the work is an assembly order, the assembly production 
onler shown in Figure 49 together with the standard instruction 
wilt be sent to Machined Stores and serve as a requisition for 
machined parts to be delivered to the Assembly Department. 
When the parts are delivered, the storekeeper will send the 
assembly production order and instruction tag to the final 
inspector. 
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Routine of Handling Job Time Cards and Inspection 

A two-position job-time card rack (Figure 58) will be placed 
at each foreman's desk. The rack will be so constructed that 
two positions will be provided for filing the job-time card for 
each machine and work space in the department. As soon as the 
various operations on an order are scheduled by the Process Clerk 
and the sequence in which the jobs are to be run indicated on the 
job-time cards by numerals placed in the Job Sequence space, the 
runner will take the job-time cards to the respective departments 
where the work wall be performed, and file them in position 2 of 
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Figure 59. — Form for Inspector's Daily Report 



the card rack according to machine number and sequence in which 
the jobs will be performed. When the foreman is ready to start 
a job he will take the first job-time card from the front of the 
rack, place the operator's clock number on it, stamp it on the 
time clock for Start and place it in pcxsition i of the card rack. 
This will show the machines which are working and the work 
being performed on them. As soon as the operation has been 
finished the workman will report to the foreman and indicate the 
number of pieces he did on the job-time card. The foreman will 
stamp the card for Finish, place it in the time box and issue the 
next job to the workman. The foreman must issue jobs strictly 
according to their sequence. All job-time cards ui)on which work 
is being performed nmst be stamped out each night and turned 
into the Planning Department. This will be handled in the fol- 
lowing manner: Just before quitting time, the inspector will 
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go to the job-time card rack and stamp the quitting hour on all 
job-time cards upon which work is being performed. He will 
be provided with a small rubber stamp for this purpose. He will 
then replace the cards taken from the rack with other cards bear- 
ing the same job symbol number, machine symbol, factory order 
number, part number, clock number, and starting hour for the 
next day. The inspector will also turn in each night an inspector's 
report (Figure 59) covering the work of each operator up to 
quitting time. 

Inspection 

The inspector or his assistants will inspect and count the work 
of each workman as soon as an operation is finished, enter the 
pieces passed and culled into the proper spaces on the production 
order and move the truck to tlie successive operation, and re- 
port to the Planning Department on an inspector's Report the 
information called for on the form. The report must be placed 
in the time box before the next clock hour after being made out. 

Inspection for accuracy after all operations which effect the 
fitting of one part to another should be made by the use of 
simple steel plug, socket, or spanner gauges. This is a practice 
but little used in woodworking factories, but it more than pays 
for itself in avoiding the costly delays due to poor fits occasioned 
in the Assembly Department. The time and cost of such insf)ec- 
tion can be greatly lessened by establishing inspections of the 
product just after a machine is set-up, and from time to time 
during the operation. The author has seen an inspector travel 
from machine to machine examining their product while operat- 
ing, thus allowing him to safely pass the product without addi- 
tional accuracy inspection. 

At certain points between groups of operations the parts 
should be inspected by the eye, piece by piece, for wood faults, 
to prevent the expenditure of lalx)r on pieces in which the wood 
has developed cracks or checks since the sawing, as of course, 
every piece is very carefully inspected for these wood faults 
immediately after cutting-off and ripping to avoid any useless 
machining. 

The runner will collect the job-time cards and the piece 
counter's reports each hour of the day. He will take them to the 
Planning Department where he will copy from the inspector's 
report the pieces culled and passed and place this on the respective 
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job-time cards. The job-time cards will then go to the Process 
Clerk who will remove from the control board tlie schedule tape, 
corresponding to the operation. 

Figuring Time Cards 

The job-time cards will' then be turned over to the Time 
Clerk, who will figure the workman's pay. The bonus plan here 
referred to will be described at length under labor control in 
Chapter X. If the defective work is not to be paid for, the Time 
Clerk will only figure the bonus on the amount good, as shown on 
the job-time card, but if defective work is to be paid for bonus 
will be figured on the total quantity. The Time Clerk will now 
subtract the time started from the time stopped, as punched on the 
job-time card, and obtain the time taken for performing the op- 
eration. Time allowed will be divided by the time taken to get the 
per cent of efficiency the operator worked at and the amount of 
bonus determined from the direct-reading bonus calculating chart 
(Figure 60). 

Direct-Reading Bonus Chart 

This chart is mounted on a firm backing with sliding ledge at 
the bottom. A 90-degree triangle slides along this ledge. Select 
the intersection between the hourly rate and hours worked, move 
edge of triangle to this point. Read directly up from the point 
where the triangle intersects the base line to the line indicating 
the per cent of efficiency. Move edge of triangle to this point 
and read money earned at point where triangle intersects base 
line. This chart can be mounted directly on the time clerk's 
desk and can be used by a fairly skilled clerk to figure time cards 
at the rate of 0.08 minute each. It automaticallv solves resolu- 
tion of per cent of efficiency into per cent of bonus and (hours 
worked X hourly rate) + (bonus percentage X hours worked 
X hourly rate). 

The author has found it preferable to the special slide-rule for 
efficiency and accuracy of operation. 

Workmen's Records 

At the end of each day all the times allowed and all the times 
taken are totaled and the average per cent efficiency obtained. 
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This is entered on the workman's record (Figure 6i ) along with 
number of hours spent either on lapsed, labor or bonus, and the 
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FiGuu: 6i.— Form for Workmen's Personal Record 
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FicrUK 62.— Pay Slip Form 

pay for these hours. At the end of the week these dailj' pa\s 
are totaled giving a weekly pay for each man. The payroll is 
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drawn off from this form each Monday, A pay slip (Figure 62) 
is given to all the men each morning, showing them the 'pay 
and the bonus they earned the day before, an important consid- 
eration in gaining their enthusiasm and co-operation. 



Daily Labor Summary Sheet 

After the pay slips (Figure 62) have heen made out, they 
will be summarized daily on the daily labor summary sheet (Fig- 
ure 63). This will be placed on the President's desk each day to 
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FicuRF. 63. — Summary Sheet for Daily Report 

show liim the efficiency of labor in the plant. A carbon copy of 
this report should also be given to the Factory Superintendent in 
order that he may know what parts of the plant and operations 
need special attention. 

I'Vom the job-time cards and material requisitions, all cost 
data is obtained and its accumulation is carried along together 
with these above described production functions, but the entire 
{juestion of cost will be discussed later in Chapter XV, and 
therefore will not be considered at this time. 



Operating Efficiency of Planning Department 

The effectuality of a Planning Department is largely de- 
pendent not only upon the feasibility of the laying out of its 
functions to control the manufacturing processes, but due to the 
necessary intricacy of its functions, the mechanical operation of 
the Planning Department in itself must be given considerable at- 
tention or its operation will be more cumbersome than the in- 
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FlGUBE 64— PlannitiK Oppartmcnt Oiart 

creased effectuality of the plant warrants. Therefore, as soon 
as the functions themselves have liccn devisc<!, the next ste]> 
should be to graphically lay out the functions of the Planning 
Department in chart form as shown in Figure 64. This enables 
the physical arrangement of the department to be created in ac- 
cordance with the principles of correct routing and preventinji 
needless backward and fon,vard |xissing of records and moving 
about of the clerks. Furthermore, it shows graphically just what 
are the duties of each member of the personnel and provides for 
the acces^bility of their desks and records. 
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Standardization of Clerical Work 

Having provided the physical layout, next standard instruc- 
tions for e«ach member of the personnel should be written de- 
scribing their duties very minutely, together with an estimate of 
the time required. The application of standards to clerical work 
is something which has not been recognized by the average ob- 
server of office routine, but the author has found it just as ai>- 
plicable as the application of standards to the oi)eration of an 
automatic machine. For example, a clerk {posting a perpetual 
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inventory can work very closely to standard. It can be deter- 
mined within fairly clo>c limits just how many times a card 
nuist he taken from a file and put back into the file with the 
rosiHvtive times retjuired. also the time for referring to a record 
such as a material rcc|uisiti<m, making the entrj- on a special in- 
ventory card, the deduction and casting the balance. It has been 
the autht>r's experience several times in investigating the duties 
of a clerk in a Planning Department where they claimed they 
wore en erburdened. to figure out with the clerk the actual time 
for making these varitnis units of clerical work; to double the 
time accepted by the clerk as feasible, and then multiply tliis by 
the clerk's own estimate carefullv detennined of the number of 
limes the various units are perfonned in a day, with a result 
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that the clerk who has before been overburdened by virtue of 
not thoroughly understanding just what his duties were and the 
proper manner in which to carry them out, has been able to not 
only perform his i)revious work satisfactorily, but to even take on 
considerable more duties while without this instruction he had 
been previously actually overburdened. 

Such standard instructions should be made out for each indi- 
vidual in the Planning Department together with the proper 
standards and it should be the duty of the Planning Chief to 
insist that these standards be maintained in order that the routine 
of work may not fall behind. Furthermore, the author believes 
it is absolutely impossible to correctly estimate the number re- 
quired in the personnel of a Planning Department without re- 
sorting to such standards of operation and time. 

Tickler File 

With the creation of the Planning Department a tickler file 
should also be instituted by the Planning Chief. As each point 
which apparently requires following up to keep it correctly func- 
tioning appears, either the Organizing Engineer or Planning 
Chief should make out a tickler form such as shown in Figure 
65. This form should be printed on linen. In the Date column 
are notated the issuance dates, that is, the dates the tickler is to 
be issued from the files. A duplicate should be maintained which 
is inserted in a separate file when the original is issued, and 
the Planning Chief should trace the corresponding copies if they 
have not returned to the original file within three days after issu- 
ing. This provides an automatic following up for all the various 
matters which would otherwise be neglected. 

With tlie detail of the organization finally perfected so far as 
possible until the physical changes are actually made, we will now 
consider the physical rearrangement of the plant. 



CHAPTER VII 
LAYOUT AND ROUTING OF THE PLANT 

THE necessity for the re-routing of a plant lies in the fact 
that with a detailed control, definite standardization of each 
process is essential and all procedure must be orderly and sys- 
tematic if the control is to function simply. Furthermore, a 
direct shortest route through a plant is the most economical man- 
ner in which to handle the product, not only from a direct con- 
sideration, but also from the fact that the shorter the distance 
it travels, the smaller will be the amount of stock necessary to 
carry in process and, therefore there will be a resultant reduction 
in capital invested in work in process. Furthermore, to develop 
standard manufacturing procedures certain specific routes of 
travel must be established, which must be adhered to in all manu- 
facturing processes, and seldom are the conditions found in the 
average woodworking factory conducive to such definite sys- 
tematic procedure. 

The Routing Chart 

The first consideration in the re-routing of a factory is the 
location of the lumber yard in relation to the incoming lumber and 
delivery to the factory. This subject was thoroughly covered to- 
gether with a layout of yard, kilns, and stock sheds in Chapter 
IV, in the discussion of the storage and handling of lumber. 
After having determined the entry point for the raw material, 
consideration of the factory operations should be taken up. In 
this connection, the proper procedure is to refer to the classifi- 
cation and symbolization of product described in Chapter III, 
selecting from this classification prominent examples of all t)rpes 
or classes of product. The Works Manager and Superintend- 
ent should then be consulted as to the operations and their se- 
([ucnce required for manufacturing these items of product and 
the respective machines, benches, etc., upon which they are 
handled. 

io6 
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After the collection of this information, a routing chart simi- 
lar to that shown in Figure 66 should be devised. It will be noted 
that at the top of this chart is shown the class of product, its de- 
scription, the symbol or original name of the example used and 
the volume of its production during the previous year. With the 
list of operations in sequence furnished by the old management to 
manufacture these examples, the operations are then arranged at 
the left of the form in such a sequence that the majority of se- 
quences for the examples under consideration is satisfied and to 
each of these operations is assigned an operational sequence 
number. In case a question of sequence comes up between which 
of two examples should be satisfied, give preference to the one 
with greater production. 

Next to each operation is assigned a mnemonic operational 
symbol and finally, after assigning the equipment to each opera- 
tion as desigUtited by the original management, this equipment is 
assigned mnemonic symbols corresi)onding to the operational 
symbols with the necessary designating letters or numerals. For 
instance, supposing that for the second operation, as shown on 
Figure 66, there are two band rippers and two circular rippers. 
The symbol for the operation being R, designate the circular rip- 
pers by C, and the band rippers by B, followed by numerals indi- 
cating the individual machines. Such suffixed numerals should be 
used only to differentiate between practically similar individual 
machines. 

Templet Drawings 

Having laid out all the operations of the plant on charts, 
similar to that shown on Figure 66, scaled outlined drawings of 
each floor of each building should be made and properly notated. 
On these plans all permanent equipment such as elevators, stair- 
ways, etc., should be indicated. Then with thin cardboard, scaled 
cutouts should be made, using the same scale as the floor plans. 
showing the actual over-all dimensions of every article of equip- 
ment, such as machines, benches, racks, etc. In the case of ma- 
chines, a red arrow should indicate the direction of flow of pro- 
uct through the machine, and a green arrow the direction of appli- 
cation of power. A small red cross should be placed on the side 
of the machine or bench at the point where the operator stands 
and a small red circle at each point where a helper stands. Tin's 
allows the units of ecjuipment to be placed upon the scaled draw- 
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ings and moved about until a satisfactory arrangement is found, 
the various symbols on the machines allowing the equipment to be 
set in its proper relation to supply, power, illumination, etc. 

Transportation 

After a tentative arrangement of the present equi|»nent has 
been devised, the en^neer should study the transportation of 
product through the factory, considering the various types of 







transporters to be used, designing, wherever possible, automatic 
conveyors, slides, chutes, etc., to transport the product me- 
chanically. 

The design of trucks- alone requires considerable attention. 
With the varied product of the average furniture factory, to 
economically handle the parts between the various operations, 
avoiding unnecessary repiling and picking up spilled loads, re- 
quires a variety of trucks specially designed to fit the require- 
ments of both product and operations. This, however, is seldom 
considered. The average chair factory for instance, aside from 
special trucks for seats, usually uses but one type of truck, 
whether 42 inch posts or 8 inch spindles are being moved. Often 
several small lots of different parts are placed on the same truck. 



Tlic usual results of such procedure arc shown in Figurt-s 67 iiml 
. The aisles and passageways should be carefully studied and 
special trucks designed when necessary with a view towards eco- 
nomically handling the materia! both from a transportation stand- 
point and from consideration for economical handling of the 
material into and out of the machinery. Consideration should 
also be given to the necessity for accumulation spaces between 



HUH 




^S 




^HbKi 


^^~y jAwt^I 



FiCi'BE (18,— Another Vitw Showing I'nsiandardiied Truck I.nading 

Operations of varying speeds. For instance, behind a very slow 
operation, unless the slowness of this operation can be overcome 
by increasing the equipment or effectuality of the operation, an 
acc»muI:ition space must be provided. Accumulation spaces must 
also be provided at points where several units of product come 
together for joint o|x;ralions. For instance, a large accumulation 
space should be provided between the cut-off saws and the rip- 
saws for the reason that of necessity for the proper utilization 
of the lumber, a large number of orders must be put through 
(he cut-off saws at the same time, while they travel tlirough the 
rip saws one at a time, thus necessitating considerable sorting 
out and storage at Ibis point. The lix'ation of the storerooms, 
offices, etc., must also be considered in relation to the effectuality 
of the layout. 
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with small scaled blocks and sheets of wood, representing the re- 
lation of the various buildings, floors and equipment. The prin- 
cipal units of product should then be traced through this model 
by means of colored strings and any relation found unsatisfactory 
should be rectified. 

Final Plans 



After the approval of such a model it can well be assumed 
that the problem has been given sufficient study, therefore the 
final drawings can now be prepared. These may be executed in one 
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Figure 6(>. — Layout of a Floor of a Box Factory 
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or two manners as illustrated in Figures 69 and 70 respectively. 
Figure 69 shows a final layout of a floor in a woodworking plant 

I 

(a box factory) where various types of lines and symbols indi- 
cate the flow of the product and location of the various types of 
the workers, while Figure 70 shows the use of a colored-line 
chart to illustrate the same facts in a chair factory. 

For general illustrative purix)scs, a notated chart such as that 
shown in Figure 71 is sometimes valuable. This figure was prc- 
|)ared by the author and his associates illustrating the resume of 
physical layout exi)eriencc accumulated by their organization in 
the application of the principles outlined above in chair-manufac- 
turing plants and presents several features which it is believed are 
effectual in this industry. The advantage of such a chart is that 
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by a comparatively brief study, a grasp of the organization as 
well as of the jrfiysical layout may be obtained. 

This illustration, Figure 71, is separated into three parts 
for the purpose of presentation. The first section shows the 
general layout of the first floor of the factory; the second the 
l>asement and second floor, and the third the upi>er or third 
floor. The following notes refer to seven special departments 
of which I, 2, and 3 are indicated by corresponding numbers 
in the drawing of the main floor of Figure 71, and department 4 
is directly across the building from department 2. The other 
three, 6, 7, and 8 are indicated on the second section of 
Figure 71. 

/. Cut off Dcl>artmcnt, 

Equipped with hydrauHc elevators so that the Lumber may 
be kept at the level of the cut-ofT saw thereby increasing pro- 
duction through the elimination of fatigue. Cut-off saw has 
kick off device so that piece is placed on a conveyor belt and 
taken to sorter. W^aste to be burnt is thrown into hoi)pers and 
by means of a belt conveyor, which travels under the floor, is 
taken to the boiler room. 

2. Back Knife Lathe Turning Department. 

Lathes are equipped with a waste conveyor that carries waste 
to boiler room. A reserve supply of green stock is kept in the 
basement. Lathes are equipped with counters so that the 
quantity turned may be noted on the labor ticket. Knives and 
all tools are kept in tool crib. 

J. Frame Seat Department. 

Stock is seasoned in basement and carried up by means of 
lift. At the same bench used for building up the frame seats 
are clamps used for gluing the blocks on posts and arms. A 
small hand jointer is placed near bench so that the blocks may be 
planed after gluing. 

4. Wood Seat Department. 

Seat is matched near trim saw, stock is then run through con- 
tinuous jointer, placed in steam box, equipped with conveyor, so 
that the heat will open the pores of the wood, then passed over 
revolving glue brush and placed in rotary glue clamp. 
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5- Seat Caning Department, 

Cane is kept in stores room on first floor and delivered upon 
requisition by the foreman. 

7. Sanding Department, 

Work comes up on the elevator from shaped stock room, 
backs and bannisters follow along the left side of room while 
all straight work follows along the right side of the room. 

8. Machining Department, 

All machining operations except those necessary in driving 
up chair are i>er formed in this department. T(K)1s and i)atterns 
are kept in crib and are let out only on workmen's check. 
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Figure 71 — Continued 

Planning Department Functions 

1. To route all work through the plant so that it will con- 
sume the shortest time and distance. 

2. To plan all work for both the machines and men so that 
both will operate most efficiently. 

3. To operate a wage payment method based on production 
so that it will serve as an incentive for greater production. 

4. To keep a perpetual inventory of all luml)er, chairs, chair 
parts, stores, etc. 

5. To figure and record the actual cost of making eacli chair. 

6. To maintain complete data as to how, when, and where 
to make each item of Product. 



The Actual Physical Re-arrangeuent 



After the proposed re-arrangement has been entirely worked 
out and detailed plans prepared, the re-organizing engineer should 
carefully schedule the actual carrying out of the re-organization 
work. For instance, if much machine movement is required, 
location space symbols should be worked up and the symbol 
assigned in advance as to which location each machine is to be 




Third Floor 
Ficuite 71 — Continued 



moved to. It is also important to definitely outline the exact 
order in which changes are to be made and to provide a progress 
chart to carefully check the carrying out of the schedules. A 
simple eflfective progress chart is to take a blue-line print of the 
proposed arrangement and as each item is placed in its correct 
location, outline this item on the print with a red pencil. Ref- 
erence to the schedule and this print will show exactly how the 
schedule is being executed. An example of a schedule of re- 
arrangement is shown in the following pages, this being taken 
from the author's field instructions on an actual woodworking 
contract. 
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"Schedule of Construction Work During Shut-Down 
Beginning Tuesday, December 26, 1916 

Superintendent 

Clean out all possible stock and trucks from first floor 
Furnish 4 helpers and i carpenter for the Blower Company 
from the regular employees of the factory 
Install heating piping in new slasher shed 
Re-line shafting after Building No. 2 has been raised 
Furnish 3 men from factory to assist Graham in moving ma- 
chinery 

Furnish belt man and an assistant for putting on belts as 
soon as machinery is set 

Arrange for machine shop to run to furnish necessary ma- 
terial for moving and setting up machinery. 
Millwright 

To be assisted by the following men: 3 helpers from fac- 
tory, belt man, assistant from factory, millwrights Longberg and 
Miller, and carpenters Anderson, Daley, Cooley, Wicker, John 
Samuelson, Thompson. 

On Tuesday and Wednesday, December 26 and 27, have mill- 
wrights and carpenters take down the following machinery, tag- 
ging every part of machine, shaft, pulley, belt shifters, etc., with 
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a tag showing machine number and letter designating future 
location. All bolts, coach screws, nuts, washers, etc., for each 
machine, will be placed in a separate canvas bag which will be 
marked with machine number and securely tied to that machine. 
Jones with the 3 men from the factory will move all such 
machinery to the proper location as indicated on the blue print 
furnished him. 

Beginning Thursday, December 28, all carpenters and mill- 
wrights will start erecting machines, first setting up those ma- 
chines where the word Rush appears in red on the machine tag 
and blue print. During all the above work the new slashing ma- 
chines will be completed, work being done upon them whenever 
material is available. 

Machines 197, 98 and 115 are at present on the first floor and 
will simply be moved into new locations. The small sticker or 
moulder No. 85 and any small saws remaining on the first floor 
will be moved out of the way into the northeast comer of the 
first floor, where the waste department will be located. 

Mr. Brown will endeavor to get all the machines outlined 
above from the second and third floors on to the first floor on De- 
cember 26 and 2y as the elevators will not be available after that 
date for lowering machinery. 

Mr. Brown will also move all sanding machinery from the 
second to the third floor after it has been taken down by Mill- 
wright's crew. 

Millwright 

Assisted by millwright Cody and carpenters St. Onge, 
Samuelson, Peters and Walker, and 2 new men. 

On Tuesday and Wednesday, Dec. 26 and 27, they wmII re- 
move all sanding machinery from the second floor. They will 
later loosen all sanding machines on third floor, moving them 
into proper position indicated on blue print. 

This machinery will be taken to the third floor by Graham and 
the borrowed men from the factory. 

Jones will see that the sanding machinery brought up by 
Millwright's men is placed in approximately the proper position 
as shown in his blue print. In removing machinery they will 
place all small material in canvas bags and tag all parts of ma- 
chinery in same manner as outlined above. 

Beginning Thursday, Dec. 28, Brown with his assistants 
will set all sanding machines on third floor. 
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General 

If all the forces of both factory and construction gangs will 
work together harmoniously, rendering all possible assistance to 
one another, not simply endeavoring to accomplish their own 
work, interfering with one another, by January 8, that is, the 
date set for starting the factory, all machinery with the exception 
of the 25 odd machines used in connection with driving up on the 
third floor, will be set in position and the large majority will be 
belted ready to run. Also the new blower system will be con- 
nected with the machines which require it most. 

Any changes in the above schedule are to be made only after 
the consent of both Mr. Bigelow and the Superintendent has 
been obtained, as it is their intention to work together in order 
that the greatest result may be obtained, not only in furthering 
the carrying out of the re-construction plan but also to have the 
factory in such condition that it may be operated on January- 8." 



CHAPTER VIH 
SHOP PRACTICE AND STANDARDIZATION 



THE usual method of cutt 
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picks up the lumber, board by board, places it on the saw table 
and drags it by hand across the table, cutting it at the places he 
judges will most effectively utilize the lumber. He tlien dis- 
tributes it, piece by piece, into adjacent trucks. The waste is 
usually thrown into a box or wheelbarrow standing near. This 
method requires extreme physical effort on the part of the op- 
erator, and also considerable judgment in utilizing the lumber to 
e best advantage. The operative usually has five or six lengths 
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furnished him which he can cut into various sizes with a more or 
less elastic limit as to the amounts of each. Examination of this 
method in a great number of factories throughout the country 
has shown that the average daily production for such work 
varies between 2500 and 3500 board feet per day for an op- 
erator and helper on each saw. 

Considering this operation from the standpoint of scientific 
management it is evident that the most essential factor in the 
operation is the correct judgment on the part of the operator in 




Fkukk 73.— Stop (iiiuKi' to Mtiisiiri- I.oiiniHi for CiiUiiiK Off 



utilizing the lumber to the greatest jxissible a<lvantage. We 
must, therefore, eliminate from the operator as far as possible 
the necessity for perftirming arduous physical labor, in order 
that he may be constantly in the proper physical and mental con- 
dition to exercise the necessary judgment. In working out this 
problem the idea of increasing the production was not considered 
as fundamental as increasing the utiliz;>tion of the lumber, but 
strange to say the solution of the problem for one factor was \'cry 
effective upon the other. 

The procedure to eliminate the physical lal>or was to devise 
an arrangement whereby the lumber could \k deli\ered upon and 
carried across the bed of the saw with practically no effort on 
the part of the operator. This was accomplished by installing a 
worm or hydraulic elevator ujxtn which the load nf lumWr was 
run on tracks direct from the kilns or Iiinil)cr yards, with the up- 
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ward travel of the lift so arranged that the top of the pile of 
lumber was maintained at a constant height of six inches above 
the bed of the saw table. By means of short steel skid-irons on 
the bed of the saw, running to the top of the pile of lumber, the 
operator, by seizing the end of a board, can with a single twists 
throw it onto the bed of the saw table. Power rolls are installecS. 
in the bed of the saw, controlled by a foot pedal, which allo\wr s 
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Figure 74. — Conveyors for Cut-off Saws 



the operator to move the board across the table to any desired 
point by simply pressing his foot. The board is stopped at the 
proper place by a gauge which has several stops that can be set 
at the proper lengths ordered cut, the selection of this cutting 
assortment being outlined in Chapter VI. A simple pushing back 
of the board just before it reaches the proper gauge stops it at 
the proper point. This gauge is shown in Figure 73. As the 
saw returns to its normal position after tlie cut, a tilting device 
is automatically operated which tlirows the cut piece of board 
onto a short conveyor belt which carries it onto a distributor 
conveyor. 



The design of these conveyors, whicii arc constructed of can- 
belting, is shown in Figure 74. In Figure 75. the cutting 




>n of two such saws is shown, indicating very clearly tlie 
e and kick-off device which throws the cut lumber. Figure 
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sIkiws the dislriliiiliir convtyur ontu which ihe shnrl con- 
*TS iJelivcr the product. This distributor conveyor is for the 
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purpose of coDectiiig tfac product of several such saws, thus en- 
abling the product of two or four machines to be sorted and piled 
by one or two sorters re^)ectively. The arrai^ement of a group 
of these saws in this manner is shown in Figure TJ. 
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Figure 77. — Group Arrangement of Saws 
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t\M.K 3 — Cutting Time for Various Lengths and Widths of Lumber 
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To determine the production on these machines a basis was 
required which would allow for the automatic collection of pro- 
duction data which would fairly reflect the effectuality of the op- 
erative. Considerable time study resulted in the determination 
that the lineal feet of travel across the bed of the saw was a 
constant under practically all conditions. Table 3 shows this fact 
in times determined by actual time study. 

Comparison of columns A and B show that there is little rela- 
tion between the length of boards and the number of pieces cut. 
This is to be expected, as the utility of cutting depends upon the 
grade of lumber, and therefore, there can be no definite relation 
between the number of cuts and product of the operation, as the 
length of the pieces cut will never be constant. 

Inspection of column C shows that there is a variation of 
53.4 per cent in the time required for cutting a board foot which 
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is principally due to the effect of width. This in itself indicates 
that length is a more constant factor, as the effect of width is so 
marked upon the results of the board foot basis. For instance, 
note in column C that a 16 foot board 4 inches wide requires o. 122 
minute per board foot, while a board 16 feet long and 8 inches 
wide requires 0.080 minute per board foot; that is, it recjuires 
but two-thirds as much time to cut a board foot in a board 8 
inches wide as it does in a board 4 inches wide, while there is 
actually twice the board footage of product in an 8 inch board 
as there is in a 4 inch board. 

Inspection of column D, however, shows but 9.1 per cent vari- 
ation in the cutting time per lineal foot in boards 10, 12, 14, and 
16 feet long and in 4, 5, 6, 7, 8, and 9 inches wide. In other 
words, lineal footage is clearly demonstrated to be the easiest 
determined constant factor in cutting varying sizes of lumber. It 
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might be mentioned that considerable time study has demon- 
strated that the thickness of lumber has very little influence on the 
cutting time, if the saws are properly filed and driven. Of course, 
if the power of the saws is not sufficient to easily cut through the 
thickest lumber handled, a retarding effect would be noticed when 
handling the thicker grades of stock. 

A counting device which is not susceptible to easy falsification 
on the part of the operator and which collects information as to 
the lineal footage handled is illustrated in Figure 78. This de- 
vice consists of a floating roll which is set into the bed of the 
saw. It can be plainly seen in Figure 75 at each side of the oil 
can in the foreground. 

As stated above, the average production under the old ar- 
rangement of cutting off was approximately from 2500 to 3500 
board feet per day. The time allowance for operating one of the 
saws described as used on several different installations is as fol- 
lows: for cutting 100 lineal feet and removing the cross sticks 
between the piles of lumber 0.092 hour and for cutting 100 
lineal feet without removing cross sticks 0.08 hour. The usual 
practice is to have the saws so arranged tliat two operators can 
cut off the same pile of lumber, thus making one elevator suf- 
ficient for each two saws. One operator is required to remove 
all the cross sticks, thus allowing him to work under the first rate 
while the other does not remove cross sticks and works under the 
second rate. These rates indicate that in a ten-hour day, which 
until recently has been prevalent in the majority of woodworking 
factories, a workman can cut around 12,000 lineal feet, or ap- 
proximately 7500 board feet. Furthermore, with the old method 
a helper was required for each operator while with this method 
a helper is sufficient for each two saws, these helpers acting as 
sorters at the end of the distributor conveyor. In other words, 
two operators and one helper can cut 1 5,000 board feet of lumber 
per day, while with the usual method two operators and two help- 
ers can cut but 5000 to 7000 feet. 

Furthermore, these operators have to exert far less eflFort 
to maintain this production than is required by the old methods, 
inasmuch as there is very little physical exertion required. The 
operator is in a much better condition to use his judgment in 
properly cutting the lumber, which results in a more effectual 
utilization of the lumber. Therefore, strange as it may seem, 
both quality and quantity are improved by this method. Con- 
sidering this matter, however, from the fundamentals of scientific 
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management, it is to be expected. Invariably, when physical 
effort is removed and a standard method of operation provided, 
no matter how much the resuUant production may l>e increased. 
the quality of the product is materially improved. 

Practically the same results have also l)een obtained by e(|uip- 
ping the carrier rolls of the saw table with ball bearings in place 
of applying power. This method has also been used for both 
swing and undercut saws with practically the same result, the 
essential factor being to remove the physical exertion of the 
operator in handling the lumber. 

Rip Sawing 

This oi)eration is comparatively simple, consisting of ripping 
the cut-off pieces of lumber into the required widths. It is 
divided into two classes, straight ripping and utility ripping. 
By straight ripping is meant taking the cut-off pieces of stock and 
passing them through the rip saw, cutting as many pieces of a 
definite size as possible out of the stock, while by utility ripping is 
meant the cutting of various sized pieces out of the stock, avoid- 
ing defects in the lumber and thus utilizing the lumber as far as 
possible to obtain perfect pieces. Naturally the latter requires 
considerable more time than the former. The time also increases 
materially as the length of the stock increases, inasmuch as it 
requires not only a different amount of sawing time, but that the 
passing back of the stock to the sawyer by the helper requires 
more time than when shorter stock is required. The operation of 
a rip saw and the time required are described in the following 
bonus rate with its accompanying Figure 79. 

Bonus Ratk for Rip Sawing 

Work Handled Under This Rate 
Sawing to edge the stock and sizing. 

Data 

Machine Maker — F. A. Chcncv, Boston, Mass. 
Feet saw runs per minute -— 8100. 

Description of Present Condition 

The supplying is done correctly. ()|)erat<)r changes his own 
saws and takes dull saws to machine shop to be sharpened. 
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Recommendations for Standardisation of Condition 

Supplying will be taken care of by the department supply 
man. Machine setter for this department will take care of all 
saws, change and set machines. Sweeper for this department will 
take care of all the waste from the saws and keep the trucks for 
the waste emptied. 

Machine will always be supplied with three trucks: one for 
finished stock, one for waste and one to hold odd sizes that will 
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Figure 79. — Time Required to Cut Different Lengths of Stock 



go to a bench where some of the small parts are cut out of these 
pieces. 

Addendum A (Figure 79) shows the time in minutes required 
to cut different lengths of stock. About one-half of the cuts made 
by saw are to cut waste. 

When finding time to saw one piece or cut, we have taken into 
consideration the amount of cuts that have to be taken that cut 
waste for a total of 100 pieces. Piece time also includes time 
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for taking pieces from truck and piling finished pieces back on 
truck. 

Saws are operated by two men; the man that operates the 
saw and one helper that piles the stock on a truck after it is 
sawed, and who also back passes long stock. 

A nalysis 

Addendum A (Figure 79) shows two curves; one straight 
ripping and the other for utility ripping, by this we mean where 
operator is obliged to inspect every piece before he saws it. 

A = Length of piece 

B =Time to saw one piece (See Figure 79) 

z = Allowance for rest or fatigue. 15 per cent 

/ = Actual time to do 100 pieces 
r = Time allowed for 100 pieces in hours 

Synthesis 

t=B Xioo = iooB 

100JSX1002 ioofiXi.15 



7 = 



60 60 

iisB 



60 



= hours per 100 pieces stock 



Example: Take pieces cut 30 inches long, chart shows 
time for one piece 30 inches is 0.085 niinute. 

fi =0.085 minute 
/ =0.085 X 100 =8.5 minutes 

T^— — - — - — =9.8 minutes or 0.0163 hour per 100 pieces 
60 



Rip Saw With Return Conveyor 

Where a great deal of returning of partially cut pieces by 
the taller to the sawyer is found necessary in ripping, a specially 
designed saw such as is illustrated in Figure 79-A is an excellent 
investment. This saw is equipped with a sectional feed roll such 
as is used on planers and a return conveyor (canvas belt type) 
which allows the sawyer and tailer to work double handed to 
great advantage. An increase of 50 per cent in production can 
easily be anticipated using this method in place of hand passing on 
stock of any length. 
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Band Sawing and Shaping 

Band sawing is an operation requiring considerable training 
and is regarded in most factories as a trade requiring considerable 
experience and skill. Its standardization is seldom attempted, the 
setting of rates even being left in a great many cases to the op- 
erator himself. This operation may be standardized, however, 
as is proven by the successful installation of bonus rates based 
upon time study, an example of which is shown in the following 
rate which was successfully installed on this operation. 

The shaping of furniture parts, toys, etc., on spindle shapers 
commonly known as the **shaping operation*' is very similar to 

Drive off 
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Figure 79- A. — Return Conveyor Attachment for Rip Saw 

band-sawing in its conditions and difficulty of rate setting, fun- 
damental rates, however, such as that shown below for band saw- 
ing may be applied to shaping with success. Table 5 shows time 
required to shape various lengths. 



Bonus Rate for Band Sawing 

Rate Symbols 

Setting — 15-SBs 
Operating — i s-SB 

Time Allowed 

Setting — 15 minutes =^ 0.25 hour per setting 
Operating — See Table 4 

Work Handled Under This Rate 

Sawing stock of various lengths and thicknesses into various 
shapes ; mostly backs, banisters, legs, and saw handles. \ 
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Data 

Maker of machine — Unknown 
Operators — ^American and French — Good 
Number of feet saws travel per minute = 4534. 

Description of Present Conditions 

Some of this work is done on day work, the major part, how- 
ever, being job work. 

Supplying is very poor and operator changes his own saws. 

Changing saws consists of taking saw off, taking it to the 
machine shop and bringing back a sharp saw, putting it on and 
setting the machine. 

Recommendations for Standardization of Conditions 

Under standard conditions the supply man will supply these 
machines and take away the finished stock. 

Machine setter will change all saws and a boy will do all the 
marking of patterns for this floor on bonus. 

Some classes of work will have to be handled twice because 
two grades of saws will have to be used. One machine will 
saw what it can with one grade of saw and this order will be 
pushed to next machine with the fine saw. An example for this 
kind of work is arm Am56. 

A nalysis 

A =Time to pick up one piece =0.05 minute 

B =Time to move to saw =0.03 minute 

C=Time to sow waste =0.08 minute 

D =Time to saw each comer clean =0.06 minute 

£=Time to saw (See Table 4) 

F =Tinie to saw waste =0.08 minute 

z = Allowance for rest or fatigue = 15 per cent 

/= Actual time in minutes per 100 pieces 
r=Time allowed per 100 pieces in hours 

Table 4 shows time for straight cutting (curves with a ra- 
dius over 3 inch considered straight). Time allowed for curves 
with a radius of i inch to 3 inches is also shown on chart. The 
chart shows time for cutting different lengths under i inch in 
thickness and over i inch in thickness. Si^cial on chart shows 
allowance where operator is obliged to use jig. 
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Synthesis 

t = {A+B+C+D+E+F)Xioo 

= (o-os +0.03 +0.08 +0.06 +£+0.08) X 100 
= (0.03 +-E)X 100 
= 1.3 +100E 
tXiooz ^Xi.15 



r= 



60 60 

(13+100J5;) X1.15 i4.95 + (ioo^Xi.i5) 



60 

1 4.95 +115-S 
60 



60 
hours per 100 pieces 



It is the custom on some patterns to nail two pieces together. 
In cases like this, time should be divided by two. 

Table 4 — Time Required to Cut with Band Saw Various Lengths and 

Thicknesses of Lumber (Symbol SB) 

(All Values are Given in Minutes) 





Straight Cutting 


Curve Cutting 




Length 




Thickness 


Thickness 


of Piece 


Thickness 


Under i Inch 


Over I Inch 


in 


Radii 


Radii 


Inches 


1 
1 
















Under i 


Over I 


I 


2 


3 


I 


2 


3 




Inch 


Inch 


Inch 


Inch 


Inch 


Inch 


Inch 


Inch 


2 


0.06 


0.07 


0.08 


0.06 


0.06 


O.II 


O.IO 


0.08 


.4 


0.08 


0.09 


0.25 


0.15 


0.13 


0.35 


0.25 


0.20 


6 


0.08 


0.09 














8 


0.09 


O.II 














10 


0.09 


O.II 














12 


O.IO 


0.13 














14 


O.IO 


0.13 














16 


0.11 


0.15 














18 


O.II 


0.15 














20 


0.12 


0.17 














22 


0. 12 


0.17 














24 


0.13 


0.21 














26 


0.13 


0.21 














28 


0.14 


0.25 














30 


0.14 


0.25 














32 


0.15 


0.28 


. 












34 


0.15 


0.28 














36 


0.16 


0.30 














38 


0.16 


0.30 














40 


0.17 


0.32 














42 


0.17 


0.32 
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Allow 0.04 minute to pick up one piece from truck. 

Allow 0.03 minute to move piece to saw. 

Allow 0.08 minute to saw waste. 

Allow 0.03 minute to place piece on truck. 

Allow 0.06 minute to saw corner clean. 

Special — allow 0.12 minute to place piece in jig. 

Allow 0.08 minute to take piece out of jig. 

T.\BLE 5 — Time Required to Shape Various Lengths of Lumber 

(Symbols SH) 

(All Values are Given in Minutes) 





Under 


Over 


I^ength 

of Surface 

in Inches 


1} Inches 
Thickness 


1} Inches 
Thickness 


Straight 


Straight 


2 


0.03 


0.04 


4 


0.03 


0.04 


6 


0.04 


0.05 


8 


0.04 


0.05 


10 


0.05 


0.06 


12 


0.05 


0.06 


14 


0.06 


0.07 


16 


0.06 


0.07 


18 


0.07 


0.08 


20 


0.07 


0.08 


22 


0.08 


0.09 



I^ength 
of Surface 
in Inches 



24 
26 

28 

30 

32 

34 
36 
38 
40 

42 



Under 

1 3 Inches 

Thickness 

Straight 



0.08 
o 09 
0.09 
o. 10 
o. 10 

O.II 
o. II 
0.12 
o. 12 
0.12 



Over 

I J Inches 

Thickness 

Straight 



0.09 
o.io 
o.io 
oil 
o, II 
o. 12 
0.12 
0.13 
0.13 
0.13 



Allow 0.04 minute to pick up one piece. 
Allow O.IO minute to clasp one piece in jig. 
Allow 0.05 minute to take one piece out of jig. 
Allow 0.03 minute to lay one piece on truck. 



Seat, Panel, or Slab Making 

The gluing up of wood to make furniture parts, such as seats 
for chairs, slabs or panels for table tops, is an im|X)rtant operation 
in furniture manufacture. It is difficult to obtain secure joints, 
without careful control of influencing conditions, and in the 
effort to obtain secure joints efficiency of operation is often 
neglected. In several chair plants seats are still made by gluing 
the edges of the boards by hand and clamping the seats in hand 
clamps. The production is from 200 to 300 seats |>er day. 

Figure 80 shows an arrangement of equipment, which, if 
properly operated, tongue-joints, matches, glues-up and clamps 
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from 700 to 1000 seats per day with two operatives or twice 
that number with four operatives. 

The positions for the two operatives are illustrated by A 
and B respectively. The equipment shown is as follows : 

1 Continuous tongue-jointer 

2 Bin for product from jointer 

3 Matching table 

4 Conveyor operated heater 

5 Glue rolls — power 

6 Continuous clamp 




6 






Figure 80. — Gluing and Clamping uevice tor Cnair ^eats 

The two operatives first operate the continuous jointer ( i ) 
filling bin (2). B then matches up seats on table (3) placing 
them in heater (4). A takes them from the opposite end of 4, 
passes thern over glue-rolls (5) and clamps them up in (6) re- 
moving a dried seat and placing it in a truck just before putting 
a freshly glued seat into the clamp. 

When a greater production is desired, four operatives may 
be used instead of A and B, each performing two diflferent op- 
erations in cycles. 

The quality of the seats is protected by proper preliminary 
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heating in (4) and the boxing-in and heating of (6) to a comr 
paratively high temper.iture (often 100 degrees Fahrenheit) dur- 
ing the time of drying. 

The speed of the operation is limited by the drying time in 
the clamp, therefore, the following bonus rate will serve as a 
standard for the complete operation. 

Bonus Rate for Gluing and Drying ox Solid Skats 

Rate Symbols 

Gum birch and oak seats, 3 joints — (iCiD-i 
Maple seats, 4 joints — GGD-2 
Chestnut seats, 8 joints — GGD-3. 

Time Allowed 

GGD- 1 -Operating — 39 minutes or 0.65 hour per 100 seats. 
GGD-2-Operating — 42 minutes or 0.70 hour per 100 seats. 
GGD-3-Operating — 104 minutes or 1.73 hour i)cr 100 seats. 

Work Handled Under This Rate 

Pieces of stock of various lengths, widths and thicknesses 
(and different kinds of wood) are glued together to various sizes 
(in the rough) from which seats for chairs are cut out. 

Data 

Gluing Machine Makers — Chas. PI Francis Co.. Rushville, 
Ind; 

Qamping Machine Makers — Unknown. 

Both machines are worked by operator and no other power 
used. 

Description of Present Condition 

Stock is taken from drying box and edges are glued. Then 
stock is placed in a clamp in the glue-drying machine. The dry- 
ing machine is turned by hand and the gluing madiine is worked 
by operator's foot. Working gluing by the foot is a tedious job 
and should be stopped. Machine is also too long and a machine 
one-half as long would have answered for all classes of work. 

Recommendations for Standardization of Conditions 

The stock is supplied as well as it can be with the present 

machinery and location. Finished seats are trucked away. 

Gluing machine will be run by power, which will mean a ^reat 

deal to operative in lo-hours' work. The heat in this department 

on a hot day is too high. A fan should be installed to eliminate 

this. 



On account of the joints on some of the seats coming apart, 
the inspection in this department should be very rigid. Bonus 
fate has been made liberal for this reason . This work is done 
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Figure 8i. — Observed and Proposed Arrangement of Clamps in Glue Room 
by two men but as the number of seats they are obhged to make 
every day is not very high, we beheve one man should do this 
work. We believe the fairest way to pay bonus on this work 
will be figured so much per joint. The analysis will show how 
-••• obtained time per joint. 
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Analysis 

A =Time to pick up one piece and place in clamp =0.04 
minute 



PIECE TO BE FINISHED 

SLUED &LAB5 




FiGUiE 8a.— Diafrram of Travel of Parts in Glueing Opcrati 



B— Time to pick up two picces=o.o4 minute 
C-Time to glue two pieces =o.oj minute 
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D =Time to place in clamp =0.05 minute 
£ = Time to pick up one piece =0.04 minute 
F = Time to glue =0.03 minute 
G^ = Time to place in clamp =0.05 minute 
// =Time to tighten clamp per joint =0.03 minute 
7= Time to drop clamping machine one row per joint = 

o.oi minute 
y =Time to take out one seat (per joint) =0.02 minute 

z = Allowance for fatigue or rest = 15 per cent 

t = Actual time per seat 
r = Time allowed per seat 

Synthesis 

t =A +B+C+D+E+F+G+H+I+J =0.34 minute 
T = (A+B+C+D+E+F+G+H+I +J)Xi.i5=o,34X 

1.15 
= 0.39 minute for a seat of three joints 

= 0.13 minute is time allowed per joint 

We have found that seats of different kinds of wood contain 
a different number of pieces as follows : 

Gum, Birch and Oak, 4 pieces of stock — 3 joints 
Maple, 5 pieces of stock — 4 joints 
Chestnut, 9 pieces of stock — 8 joints 

Time allowed per joint =0.13 minute. 

Time allowed for seats of gum birch and oak =0.13 X3 = 

0.39 minute. 
Time allowed for 100 seats =0.39 X 100 =39 minutes or 

0.65 hour 
Time allowed maple seats =0.13 X4=o.42 minute 
Time allowed for 100 seats =0.42 X 100 =42 minutes or 

0.70 hour 
Time allowed chestnut seats =0.13 X8 = 1.04 minutes 
Time allowed for 100 seats = 1.04 X 100 = 104 minutes or 
1.73 hours 

Gluing-up Slabs 

Large slabs for table-tops, because of their size and the diffi- 
culty to prevent buckling, cannot always be glued-up by a con- 
tinuous process such as described for seats. They are often glued 
up in hand clamps. The following bonus rate with Figures 81, 
82, 83, and 84 describe this method and illustrate how careful 



motion and time studies assist in making such manual operations 
efficient. 
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Bonus Rate for Matching and Gi.uing-l-p Slabs 
Rale Symbol 

6-G-i (Clami>ers) 
6-G-2 (Clampers) 
6-G-3 (Clampers) 
6-G-4 (Clampers) 
6-G-M (Matchers) 

Time Allowed 

6-G-i = a6.6 minutes =0.443 hour per 100 slabs 
6-0-2= 39.8 minutes=o.66 hour per 100 slabs 
6-G-3 = 79.6 minutes = 1.327 hours ixr 100 slabs 
6-G-4 -iii.o minutes = 1.85 hours i>cr 100 slabs 
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FicURE 84— Arrangement of Clamp Bench and Clamps for Glueing 

Work Handled Under this Rate 

6-G-M = Matching of all lumber to be glued up into slabs 
6-G-i =Gluing-up all slabs 3 in each clamp 
6-G-2 =Gluing-up all slabs 2 in each clamp 
6-G-3 =Gluing-up all slabs i in each clamp 
6-G-4 = Gluing-up all slabs i in two clamps 

Description of Present Conditions and Cost 

The operation is now performed as outlined graphically on 
tHdenda A and B (Figures 8r and 82) by two matchers and 
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six clampers. Records show that they have averaged 1300 clamp- 
fulls per day at a unit cost of $0.0153 per clamp. 

Recommendations for Standardisation of Conditions and Cost 

We recommend that this operation be performed as 
outlined graphically on addendums A and C (Figures 
81 and 83) by two matchers and three clampers. They are to 
be assisted by the use of the small conveyors suggested on adden- 
dum D (Figure 84). We believe that at 95 per cent efficiency they 
will turn out 2160 clamp- fulls daily at a unit cost of $0.0076. The 
matchers will match the boards to be clamped and will place them 
on a small carrier, which will in turn be placed on the In con- 
veyor. At the other end of the conveyor, the clamper will take 
his boards as he needs them, will apply the glue, and proceed to 
clamp them as at present, but with this difference, he will only 
have to travel 826 feet to reach 36 clamps (23 feet per clamp) 
whereas, at present he travels 965 feet to reach 21 clamps (46 
feet per clamp). The finished slabs, which he removes, will be 
placed on the Out conveyor, and the matchers at the other end 
will remove same and place on trucks. 

All material will be trucked in and out of department by the 
matchers. 

Analysis 

A =Time to pick up pieces =0.07 minute 
B =Time to walk to glue pot =0.04 minute 
C=Time to apply glue =0.02 minute 
E =Time to place boards on clamp =0.09 minute 
F = Time to clamp =0.25 minute 
(7 = Time to loosen two clamps =0.12 minute 
//=Time to remove slabs from two clamps = 0.04 minute 
Time for walking to and from 36 clamps (one round) 
= 3.60 minutes 
L = Average time for walking to and from clamp = 3.60/36 
= 0. 10 minute (30 inches per o.oi minute = clamper's 
walking rate of speed) 
M =Time to change empty carriers =0.50 12 =0.042 min. 

Synthesis 

r=Time allowed per 100 slabs 
t = Actual time per 100 slabs 
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6-G-i 

As there are 3 slabs to a clamp under this rate 

A +B+C+E+F+-+-+L+M ^ 

2 2 0.692 

= =0.231 minute 

3 3 

per slab 

^=0.231 Xioo = 23.i mmutes per 100 slabs 
z = Allowance for rest and delays = 15 per cent 
7 = 1.2(0=1.15 (23.1) =26.6 minutes =0.443 hour f)er 100 
slabs 

6-G-2 

As there are 2 slabs to a clamp under this rate 

A +B+C+E+F+^+-+L+M ^ 

2 2 0.692 

= =0.346 mmute 

2 2 

per slab 

/ =0.346X100 =34.6 minutes per 100 slabs 
z = Allowance for rest and delays = 15 per cent 
7 = 1.2(0 =1.15(34.6) =39.8 minutes=o.66 hour per 100 
slabs 

6-G-3 

As there is but one slab to a clamp under this rate 

A+B+C+E+F-\ 1 hL+M =0.692 minute per slab 

2 2 

/ =0.692 Xioo =69.2 minutes per 100 slabs 

z = Allowance for rest and delays = 15 per cent 

r = 1.2(0 =1.15(69.2) =79.6 minutes = 1.3 2 7 hours per 100 

slabs 

6-G-4 

A+B+C+E + 2F+G+H+L=o.g6 minute per slab 

^ =0.96 X 100 =96 minutes per 100 slabs 

z = Allowance for rest and delays = 15 per cent 

r = 1.2(0 =1-15(96) =111 minutes = 1.85 hours per 100 

slabs 

Veneering 

Excepting the veneering of flat panels, the veneering depart- 
ment of a furniture factory presents a serious problem for 
scientific control, as the majority of operations are short, com- 
d mostly manual rather than machine. The following 
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two bonus rates, however, illustrate how such work can be 
standardized and controlled. 

Bonus Rate for Veneering Edges 

Rate Symbol 

Changing Setting — 44 — VES 
Clamping — 44 — ^VE 

Titne Allmved 

Changing Setting 44 — VES = i .00 minute = o.oi 7 hour per 

setting 
Clamping 44 — F£ = 46r + 27. 65 + 115 minutes = o.767r + 
0.4635 + 1.92 hours per 100 sides or ends veneered 
wherein 

r = Number of pieces veneer applied at one setting 
5 = Number of screws necessary to clamp piece 

Work Handled Under This Rate 

Veneering edges of tops, shelves, bases, etc., which are of 
straight or irregular form where the veneer is applied and which 
are veneered on presses VEP 1-7. VES covers the changes in 
setting when changing from long work to short work, etc. 

Description of Present Condition and Cost 

There are two and sometimes three women operatives work- 
ing on these presses at present. The pieces are taken from a 
pile, which is 10 to 30 feet away from the presses, and are carried 
to and placed upon the presses; the form (if any) which has been 
cut away from them on the band saw, or a straight strip of wood 
about I inch x-2 inches is greased with hard grease to prevent the 
glue from sticking the veneer to it; the piece of veneer is placed 
on the edge and form or strip placed upon it, and the screws are 
then clamped down. When taking out of the press, the screws are 
loosened, the work is removed and carried to a pile and the forms 
are knocked off. 

Recommendation for Standardisation of Conditions and Cost 

The department utility man should keep work on a truck con- 
stantly supplied to the operatives. This will eliminate a great 
I03S of time which is «it present experienced. Under the bonus 
incentive there will be no tendency to loiter and fewer delays will 
be die consequence. 



rjft 



^ce^iri ^f Iierr:r4f ±c ^peraCTc? rft- a. lix ot Rnfr jiife wUe a Buniug 
die /<?Jittr V. 'irj Fifcem prcs=€s^ are ggrtrffgry k- acooasnodate 
the ^jkXTjtz zkexucr irui irggp rw: W'lmcsL cnnsantly anpfcrciL On 
tlie wnalfer w-'.rk an cxrri w«:inaii can be ns«£ t:* keep the p i e sses 
«ferf. 

.4 - Trne to otace pieces 'jc press perpcece =c>i5mmtite 

h « T^^ to walk to 2n»i frrxn bencii =C2C mnmte 

C *T^je to appi^' grease tio form «3r straight strip =o.io 

mtntite 
/> «Ttfr-e to apply ^tie to strip ot \neneer =c.io minate 
E ^ TtTTie to place strip ot veneer oc form or straight 

stnp =c-2o mintite 
A « Time to place block ot wood across top =0.15 minute 
^x «Time to clamp per screw. =0.16 minute 
// -Time to unclamp per screw =o.oS minute 
J » Time Uj lAace on truck and knock off forms =0.20 

minute 
r « Sum\jer pieces veneer applied at one setting 
t « N'umtxrr screrws necessary to clamp piece 
z « Allowance for rest and delays = 15 per cent 

7 «=Time allowed per 100 similar sides or ends veneered 
/ « Adual time per 100 sides or ends veneered 
t^ioo\A+2B+r((:+D+E)+F+s(G+H)+I] 
« 100(0.15 +o.40 + rfo.4o) +0.15 +5(0.24) +0.20J 
« 4or + 24.V + 1 00 minutes 
7* • i.i5(4or + 245-|-ioo) =46r + 27. 65 + 115 minutes 
^o.j(}jr + o.4(),^s + i.()2 hours per 100 sides or ends 
vcnecTcd 

HoNtm Ratk fok Spkkading Glue and Pressing Flat Stock 

Halt' Symbol 

.^o VPi (Clamped in large press and placed in retainers) 
,^0 VP2 (Clamped in large press but not placed in re- 
tainers) 
30- VP3 (Clamped in small press and placed in retainers) 
^'P4 (Clamped in small press but not placed in re- 
tainers) 
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Titne Allowed 
30— VPi 

3.45npr+4or + 57.55+46zM-95^ ™„„^^e 
minutes 



o.o58n/>f+o.666r +0.9 1>85 +0.7662; + 1.592 , 
' -— hours per 100 

^ finished slabs 



30— VP2 

y 

o.o58w/?r+o.666r +0.9585 +0.1 5 , /^ . t. . 

= hours per 100 finished 

^' slabs 

30— VP3 

3.45n/ >r+4or + 28.755+46z;+95-5 -^^.^^ 
-minutes 

y 

o.058w/>r+o.666r+o.4795+o.766i' + 1.592 , 
_, — ^ hours per 100 

•^' finished slabs 



30-VP4 

3.45n/>r+4or + 28.755 +9.2 



minutes 



y 

o,o$8npr +o.666r +0.4795 +0. 1 5 



hours per 100 finished 



^' slabs 

wherein 

n= Length of veneer expressed in feet 

/> = Number pieces possible to run through spreader and 
place on pile before carrying 

r = Number times necessary to carry to press before 
clamping in press 

J = Number screws used in press to clamp work down 

t;= Number of pairs of screws used to clamp pile in re- 
tainers 

y = Number of slabs clamped in press at one setting 

IVork Handled Under This Rate 

All flat work such as table tops, shelves, etc., which has the 
glue spread with the machine spreader and which is placed in 
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Analysts 

A = Time to run piece through spreader and place (per 

lineal foot) =0.03 minute 
B =Time to carry to press =0.20 minute 
C = Time to place in press =0.15 minute 
D =Time to clamp in large press (per screw) =0.50 min. 
£=Time to clamp in small press (per screw) =0.25 

minute 
F=Time to clamp in retainer (per pair of screws) =0.40 

minute 
6^ = Time to unscrew and remove from press =0.40 minute 
//=Timeto make press ready (place I-beams) =0.35 

minute 
/ =Time to return from press =0.08 minute 
n = Length in feet of piece run through spreader 
p= Number of pieces possible to run through spreader 

and place on pile before carrying to press 
r = Number times necessary to carry pile to press before 

clamping in press 
s = Number of screws used in press to clamp work down 
t; = Number of pairs of screws used to clamp pile in 

retainers 
y = Number of slabs clamped in press at one setting 
z = Allowance for rest and delays = 15 per cent 

Synthesis 

jT^Time allowed per 100 slabs 
/= Actual time per 100 slabs 

VP-i (Clamped in large press and placed in retainers) 
i^^^[r{Anp+B+C)+Ds+Fv+G+H+I] 



IOC . , . 

= — [r (0.03WP+0.20+0.15) +0. 505 +0.40^' + 0.40 

^ +0.35+0.08] 

IOC , , , 

= [o.03ti/>r+o.35r +0.505 +0.40? +0.83] 

y 

^ 3^^+3 5 /' + SOS +40V + S^^ 

y 

I ^i,z 

y 



ISO 

(^npr+3Sr + 50s +40V+8s) 
= i.,5 ;; 

;• 

o.048«/'r+o.666r +0.9^85 +o.766i' + 1.592, 
= ' hours per 1 00 

^ finished slabs 

(Clamped in large press, but not placed in retainers) 

.V 

100 
= — [r (0.03MP+0.20+0.15) +0.505+0.08] 

100 
= —7- [o.o3M/>r+35r + 505+o.o8] 

_ 3 "f ^ +35r+505 +0.08 

y 

l3W/>r +35'' +50^+0-08) 
u»i/>r+35r+ 505+0.08) 

,(3-45««/>r+4or+57-5f±9^ ^^^^^^ 

y 

ao58ii/>r+o.666r+o.o585+o.i5 , _ ., , 

» — — — hours per loo finished 

^ slabs 

damped in small press and placed in retainers) 

* l'' (0.03M/? +0.20+0.15) +0.255 +o.40^i;+40+o.35 

•^' ' +0.08] 

' ~ (o.03H/>r+o.3sr +0.255+401; +0.83) 



y 

-7. (3«P^ +35 +25^+40^+83) 
7=1.755 

y 

(3^/^^+35+25^+40^^+83) 
= 1.15 

3.45Wpr+4or + 28.7S5+46iJ+95.5 . ^ 
= minutes 

y 

o.o>tSnpr +o.666r +0.4795 +0.7661; + 1.592 , 
= — ' - hoursperioo 

-^ finished slabs 

VP-4 (Clamped in small press but not placed in retainers) 

t:=^''.[r{Anp+B+C)+Es+I\ 

y 

= [r(o.o3«/?+o.20+o.i5) +0.255+0.08] 

y 

= — - (o.o3W/>r+o.35r+o.255+o.o8) 

y 

= 3«/^^+35^_ +15^ +?-^^ 

y 

_ (3«/>r+35r + 255 +0.08) 

i = i.s — — — — 

= .X5 - ^, - 

3.45M/>r + 4or + 28.755 +9.2 
= - minutes 

V 

o.058n/?r+o.66r +0.4795 +0.1 5 , n - . . 

--__ _ hours per 100 finished 

•^' slabs 

Operator C will be considered in charge of this work. He 
will stamp card at start and finish of each job. 

Helper's time will be figured from operative's. 

Operator C will prepare the veneer, set the press, clean up, 
etc., on straight labor time. 
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Bonus rates such as the above may be worked out for all op- 
erations in the department with any considerable volume, but 
there are always a few small operations which can only be stand- 
ardized in a general way. 

The following instruction and the sketch shown in Figure 86 
illustrate the method of standardization of such minor operations. 

General Conditions Governing the Output of the 

Veneer Room 

General 

Standard instructions have been issued covering jointing 
veneer, operating taping machine, gluing taped joints, ripping 
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Figure 86. — Illustration of Standardization of Minor Operations 

cores, ripping out defects, crimping cores, spreading glue on built- 
up oval rails and placing same in forms, veneering edges, and 
spreading glue and pressing flat stock. It was found to be im- 
practicable to make up bonus rates to cover the remainder of the 
operations performed in the veneer room. 

Referring to addendum to this instruction (Figure 86) the 
routing of the rough stock is found to cover a considerable dis- 
stance until it has been jointed, due to the distance of the band 
saw SB-5 from the rest of the veneer room equipment. By mov- 
ing the band saw to its proposed location by the veneer jointer, 
an average of 5 minutes on each operation performed on the band 
saw will be saved. 
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The operations on the machine shown by this symbolization in 
the addendum to this instruction are performed as follows : 
Duties 

One operative performs the operation of cutting veneer to 
length, ripping out defects, and ripping cores on band saw SB-5 ; 
jointing veneer on veneer jointer VJ; and veneering irregular 
surfaces on bench VI. He should also do the marking and sort- 
ing of veneer before cutting off. 

Another operative performs the operation of trimming edges 
on bench VET, besides assisting the first operative with the 
veneering of irregular surfaces. 

Three operatives work together in a gang to perform the 
operations of spreading glue on glue spreader \'(j; placing in 
fonns VPF; pressing flat stock in presses V^P-1-5; gluing up 
blocks and gluing on moulding in presses VP-1-5 : and piling to 
dry. When working separately they perform the operations on 
crimping cores by hand on bench VER; sorting and laying out 
veneer on bench VS ; and trimming edges on bench VET. 

One girl operative does the gluing of joints on bench VGJ ; 
hand taping on bench VTH; and machine taping on machine 
taper VTM with the assistance of a woman helper. 

Two women handle the veneering of edges on clamps \'EP- 
1-7. The woman who assists with the machint taping should 
also help on this job when large work is handled, care being 
taken by the Planning Department that the two jobs are not sched- 
uled at the same time. 

The department utility man should look after the filling of 
defects on bench VF besides his regular duties. At present one 
man is kept at this work practically all the time, but he is an ex- 
ceedingly slow workman. 

The foreman should be kept informed by the Planning De- 
partment of the work to be performed which is not handled un- 
der the bonus rates, so that he can do the necessary scheduling 
and planning of his work. As far as ix)ssil)Ie the work should be 
planned to follow through in large (|uaiUities. 
Rccowmcndations 

One of the big factors limiting the production in the Veneer 
Department is the lack of running the work thnmgh in large 
enough quantities. For instance, the man who sorts and lays out 
veneer preparatory to running through spreader and pressing. 
generally only lays out enough for about three pressfuls. Hearty 
co-operation l)etween the foreman of this department and the 
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chief of the Planning Department will result in an increase of 
about 50 per cent in production from this department. 

Finally, the efficiency of the department as a whole is built up 
by devising a bonus for the foreman, which acts as an incentive 
for him to maintain a high average efficiency among all the em- 
ployees in his department. This placing of the foreman on bonus 
should be accomplished in every department where possible. A 
standard instruction covering the foreman of a veneer depart- 
ment is given here. 

Bonus Rate for Efficiency Bonus for Foreman of Veneer 

Room 

Rate Symbol 

AFV 
Standard Duties 

General supervision of the men and women doing all the 
veneering operations throughout the plant. There shall never be 
more than nine operatives employed in this department to handle 
the capacity of the plant as at present laid out. 

It will be his duty to see that each person responsible to him 
stamps his or her time cards properly, and he shall do everything 
possible to see that each of his operatives on bonus attain 100 
per cent efficiency. He is required to thoroughly understand 
each operation performed in his department, see that operatives 
perform their duties properly, and shall instruct all new 
operatives. 

He shall co-operate with the Planning Department in the 
scheduling and routing of all work through this department which 
is not covered by bonus rates. As far as possible this work shall 
be scheduled through in large quantities. 

He shall inspect the quality of the work produced by his de- 
partment, striving to maintain the highest standard of quality at 
all times. * 

Bonus 

He shall be paid a day rate of $0.35 per hour and a base rate 
of $0,385 per hour, plus a bonus percentage equivalent to the 
average bonus percentage made by the operatives in his depart- 
ment. Bonus will be based on curve shown in Figure 1 16. It is 
understood that this average must be based upon all persons in his 
department working upon bonus jobs, whether they are experi- 
enced or not. 



Ptaning 

The operation of planing is fairly simple, but the efficiency 
is often lowered through one of two faults. The first is failure 
to plan ^milar thicknesses in sequence, thus necessitating exces- 
sive setting-up; the second is to properly fix the rates. The 
variable effect of various combinations of the length and width of 
stock render rate setting very difficult and the piece rates found in 




FiCfRE 87.— \';ihics of .V for Wood I'l; 



the average woodworking factories are very unscientific and un- 
fair. 

The following rate outlines a mcthixl iif fiRuring planer 
capacities which is behcved to be not only original, but absolutely 
fair to the operative. 



BoNi-s Rate fou Plaxing Stock 
Rate Symbol 

8-r5-P2S Setting-up 

8-15-P2 Oiwraling (where L is not hniiting factor) 

S-I5-P2A OiKrating (where L ishmittng factor) 
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8.— Value of X for Planing Operation 



8-I5-P2S Setting-up = 2.50 minutes =0.042 hour per set-up 

Operating- variable according to size of stock 

Substitute values of N, X. and L obtained from Charts A 

B, and C (Figures 87, 88 and 89 respectively) in the 

following formulse: 

O.I92-FI.Q2X . 

8-15-P2 =■ hours per 100 pieces 



Work Handled Under This Rate 

All stock planed on the planer 8-J5-P2 

Description of Present Conditions 

This operation at present consists of the operator bringing a 
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Length of Piece5 in Inches. 

Figure 89. — Relationship of Length of Pieces and Xumher of Pieces Per 

Charge in Planing 

truckload of parts to the niachine, setting the machine, and taking 
piece or pieces from truck and forcing them into the machine. 

Analysis 

A =Time to pick up pieces =0.00 minute 

X=Time to sort piecas (See Figure SS) 
C = Time to feed into machine =0.04 minute 
L= Length of. pieces in inches (See Figure 8:)) 

A/' = Number of pieces per charge (Sc?e Figure 87) 
5 = Speed of machine (under load) =336" per minute 
0= Allowance for rest and delays = 15 per cent 

Values of -Y, N and L arc determined from the curves in 
addenda to this instruction. 
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lOO 

- — = Number of charges per minute 

Synthesis 

7= Time allowed per loo parts 
t = Actual time required per loo parts 

IOC lo + iooX 
/ = -^-(o.io+X)= 

_ /io + iooX\ 11+115X 

^ = ^•^5 [ jj j= ^^^ minutes 

0.102 + 1.02X . 
= — hours per 100 parts 

Where L becomes a limiting factor, 

^'X6o-, 336X60-, ^ N , . . 

— J — N =^ J N = 20160 Y = number pieces per hour 

or 

L ,. . I L 

-—r-. = time per 100 pieces = Xtt = i 

2oi.6oAr ^ ^ 201.6 N 

r = 0.005^= hour time per 100 pieces 

Bonus 

Day rate 

Operator $0.30 per hour 

Helper 0.225 P^^ hour 

Base rate 

Operator 0.33 per hour 

Helper 0.25 per hour 

Pay bonus based on curve shown in Figure 116. 

Planning Department will plan time of trucker who will 
bring truckload of stock to machine, when operator is ready 
to commence work. 

Piece counter will report production from direct count of 
pieces planed. 

Helper's time will be figured from operator's cards. 

A different method of rate-setting is outlined below, deter- 
mined in a somewhat similar manner, but charted. 
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Bonus Rate for Planing 

Rate Sytnbols 

Setting — 13-PS 
Operating — 13P 

Time Allmved 

Setting = 2.50 minutes = 0.042 hour per set-up 
Operating = Variable 

IVork Handled Under This Rate 

All stock which is planed. It is of various lengths, widths and 
thicknesses. The work is handled by two planers, double sur- 
faces which plane both sides of a piece of stock at the same time. 

Data 

Maker of Machine — Holt, Shattuck & Co., Boston, Mass. 

Revolutions per minute of shaft = 3300 

Four knives on each shaft 

Number of cuts per minute, per inch = 45 

Description of Present Condition 

It takes two men to run each machine. The operator feeds 
the machine and the helper inspects the stock as it comes out of 
the machines. He has two trucks ; on one he piles the good stock 
and on the other he piles poorly planed stock and stock in which 
the imperfections are so bad it cannot be used. The supplying of 
work is very poor. Machines should not be run when knives 
are dull. 

Recommendations for Standardisation of Condition 

One machine should be used always for the largest and coars- 
est work and the best machine should be kept for the lighter and 
better class of work. 

Under standardized conditions supplying will be taken care of. 

When running small sizes of stock the supply table should be 
used, because the operator loads table full and then he will have 
a chance to rest from bending over while he is running the table 
full. Otherwise he is continually bending over to pick up a few 
pieces at a time. 

The speed of the machine is correct. Table 6 shows the 
number of lineal feet that should be done per minute of the va- 
rious lengths and widths of stock. 
Analysis 

Table 6 shows the number of lineal feet per minute of stock 
of various widths and lengths. 



i6o 

The5«: remk^ wtrt ^Jfitained by a careful study on operatmg 
fhe machine. We Uj<Jc the width of the bed of the plaiier (which 
i<^ 24 inches wirle^ a5 lOO per cent efficiency and we studied to 
itru\ (mi what per cent of ior> per cent the operator could actually 
keq/ full — thiji alway?^ varies with the width of the stock. 

All fiifrck up to I inch in width is considered as i inch wide 
HU(\ %UfcU over 1 inch up to and including 2 inches is figured as 2 
iuihe^ wide, etc, 

The per cent operator can keep filled will gradually increase 
fnmi I inch wide to 5 inch wide. At 6 inches wide it will decrease 
a little and then it will gradually increase until he fills the ma- 
chine to too i>cr cent capacity. There will always be stock that 
will have Uf be planed the second time and we have made an al- 
lowance for the same. 

HoniiH will be always figured by 100 lineal feet. 

Speed of feed 222 inches per minute 

Width i}i bed 24 inches 

A " Number of lineal feet per minute 

/ -Actual time per 100 lineal feet 
'/'■'Time allowed per 100 lineal feet 

;; «^ Allow.unce for rest or fatigue = 10 per cent 
X ■= Allow.unce for stock that has to be planed the second 
time 

Syuthvsis 

, 1 .00 

/ * . X 100 mmutes 
A 

7'«/Xioo2 

«/ X 1.20 

-= i.ao/ 

Uxamplc: Slock 30 inches long, i inch wide, 82 lineal feet 
per minute. 

1 .00 ,. t /. 

/ ^ X 100 «! .22 mmutes per 100 hneal feet 
82 

7 -^^ 1.22 X 1.20 

«= K4() n\inutcs» or 0.0243 hour per 100 lineal feet 

/>\»tMrv /\\i/f' 

C)|K"nUor Helper 

Oay nUo «$o,,^3 So. 30 

Hase rate « $0 . 30 $0.33 



.Work will be taken to and from the machine by the depart- 
ment trucker. Operator will stamp Start and Stop of each job 
on his card. 
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Lragth of Piece 










1 1 1 
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37 


37 


39 37 
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66.5 54 1 55 
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.37 


37 


39 37 
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83 


66.5 54 55 


55 37 


39 37 
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37 ' 3* 37 


24 
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66 5 54 ! 55 


55 3? 


39 1 37 


37 


37 1 .3V *37 


36 


83 


66. 5I M , 55 
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39 1 37 


37 1 37 ' 39 37 
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83 


66.51 54 1 55 
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3? 37 39 37 


30 


83 


66.51 54 : 55 


55 37 , .W 37 


37 37 39 ; 37 
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83 K-i.5; 54 ' 55 


55 37 -W 37 ' 37 ■ 37 .39 1 37 


34 


83 


66.5I 54 1 55 


55 1 37 .39 37 37 37 39 ; 37 


36 


83 


^■S; 54 , 55 


55 .37 ■ .W 37 .37 37 . .19 ' 37 


38 


83 


66.5 54 1 55 


55 ■ 37 .39 37 37 .(7 .39 37 


40 


8J 


66.5 54 1 55 


55 37 J 39 37 37 ■ 37 39 37 


42 


83 


66 5i S4 55 


55 1 37 .19 , 37 37 37 ' 39 37 
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83 


M-.s, 54 . 55 
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.55 37 .39 37 37 37 39 ' 37 
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83 


ft6.5: 54 1 55 


55 37 39 37 37 37 39 37 
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83 


«> 5 .54 55 
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83 
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Capacity of Ma- 








chine Used 


0.185. 


> 3" 


'37 


> .50 


.6.10.5'- 


..(,,to (-l 


' 75 


' "3 


1 93 


CK) 



10 per cent allowance for [xx)r stock. \o ]«t cent allownncc for rest anil 
fatiRue. 

Stickinc; 

The principal roqiiiremcnls in cfikicntly uperatiiiK stickers 
are the proper grinding' :ind settinjj of tlio knives and so rmitinfj 
the stock for the oiwration liuit excessive sitting np is avoided. 
Suppose the following cross-sections of stock occur on orders 
for a certain day, 



3lZ 

Tnc /aril. us -;rtcri 5.r ie same ■:rris-«cinins JicoU 
nly he nm x^edtcr. ^ot a^ die •fiif.'n^ir stks in the 




■,-,** ■,*4* -.-^t gnt i«si jjMi 2.:flT :3s^ ^^^ ^j^ ^ZTt cw jw dM 
fe-'.w. 'A T'tni: M\r,v.kntt Chart for Differmt Length Parts oa a Stidccr 
;ftw/iint »,/ knife adjustment. A gr^xl rule is — group the sizes 
miA Tim ft'nu the smallest to largest or vice-versa, running those 
*izei iH'xt to earh other which have one common dimension. 

h'iK'tri- '/) shows a time allowed chart for ranning various 
li-nKth [Birrs -rfi a sticker at 42 feet |>er minute feed. 

'|i:knin(;. Ciii'CKiNf;, [Joking, Mortising, Tenonisg, etc. 

•v: r>(»crations are simple to control, but considerable op- 
iHrtiiy may he realized l>y supplying and taking away 
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the product in trucks of proper design, in eliminating hand-feeds, 
thus making the operators feed the stock into the machines auto- 
matically at regular intervals, and by the use of multiple spindle 
machines wherever possible. It is ridiculously wasteful to bore 
12 screw holes in several hundred seats day after day on a single- 
bit boring machine when a multiple-bit machine is available, but 
the author has seen this very thing happen, and his remonstrance 
met with .the excuse that "it took too much time to set-up the 
multiple." 

On these particular operations the setting-up of the machines 
is a vital factor. Often mortisers and tenons are under setting-up 
more hours of the day than they are operating. This can be 
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FitiL'RE Qi. — Chart Showing Saw Filer's Duties 



somewhat eliminated by standardization of fitting sizes and 
planning the proper sequence of similar sized fitting operations, 
but by far the greatest economy can be effected by placing ma- 
chine setting under special individuals, thus eliminating the set- 
ting of machines by the operatives themselves. For instance, a 
group of six fitting machines can be far more effectually oper- 
ated by five operatives and one machine setter than by six op- 
eratives each doing his own setting-up. 

An example of how the duties of a machine setter may be 
standardized is shown in Figure 91. a graphic chart of a saw 
filer's duties, and in the following standard instruction. .\ ma- 
chine setter proper, of course, moves from machine to machine 
as the orders occur, but a more or less standard routine can be 
woriced out as a basis of control. 
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Bonus Ratk for Duties of Saw Filkr in Machine Room 

Rate Symbol 

ASF 
Standard Duties 

A He shall apportion his time as shown in addendum A to 
this instruction, having a sufficient supply of sharp tools on hand 
at all times so that operators of machines will experience no 
delays from this source. 

B He shall grind all cross-cut circular saws as shown in 
addendum B to this instruction, making angles a and c larger as 
the wood which is to be cut is harder than birch, and making the 
angles a and c smaller as the wood to be cut is softer than birch. 
At present the angle b is zero, giving no clearance to the blades. 
By making angle fe 1 5 degrees a smooth free cut is produced. 

C He shall be under the direction of the foreman of the 
machine department. 

D He shall report any variations from his regular schedule 
directly to the Planning Department. 

E When the machine setter is working with him on the 
sharpening of miscellaneous tools, he shall direct the efforts of 
the machine setter to the end that all tools shall be kept in a state 
of constant repair and sharpening. 
Bonus 

He shall be paid a day and base rate of $0.35 per hour plus a 
bonus percentage equivalent to the average bonus percentage 
made by the operatives to whom he supplies tools. Bonus will 
be based on curve shown in Figure 116. 

Bending 

The operation of bending is usually executed by a very low 
grade of labor due to the fact that poor ventilating conditions 
render the department so hot in warm weather that few high- 
grade men will work there. The equipment is very varied and 
often very crude. The first operation is to soften the wood. The 
best equipment for this consists of iron retorts in which the 
wooden parts are steamed under pressure, but in a few plants it 
is still the practice to soak the wood in vats of hot water. 

After steaming, the actual bending takes place in one of two 
ways, in straps or in steam-heated hydraulic (sometimes worm) 
oresses. When bent in straps the wood is placed on flexible 
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metal bands, bent into the required shape, cither by hand or bv 
machine, and then lield in shape by means of metal grips or 
clamps until it cools. These devices are often quite cleverly de- 
signed. All material bent in straps is usually placed in hot rooms 
to dry in the clamps. Rates for this work may be simply set, as 
the operations are usually simple manual ones. 

In most plants the moving of the strapped material in and 
out of the kilns or hot-rooms is very ineffectual, involving con- 
siderable re-handling. In a few, however, the material is placed 
<>n trucks running on tracks through the center of the depart- 
ment and transported directly through continuous kilns in a very 
efficient manner. 

The control of bending stock in presses, however, re(iuires 
considerable study and effort. In the first place, the determina- 
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V BMtnprttftrh lim woHttdbuHmOptrafor in Uhhading and Loading each ^tss as IiiA c tiMandttho 
Tom rtqmrtd to Stock HmPam fukfnf^wnHmPrrssonSTndtafHMtidfofHitlhom. 
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Fir.i'RE 92.— Chart of Operations on a Bending Press 

tion of the proper time to leave the stock in the presses nuist 
be studied. This may be determined experimentally by gracUially 
reducing the time in the presses until the parts begin to fail to 
retain their shape. 

The average operative of bending presses is incapable of 
pLinning his work. They will first get their presses all full of 
stock and then all empty. To correct this, cycles of operation 
must be established as outlined in the following rate, with a 
graphic control such as showii in Figure 92. The production of 
hydraulic presses may be increased by i)lacing strap f(^rms be- 
neath the lumber in the presses, which may be locked as the 
presses close and the strapix^d parts dried in a hot room. This 
eliminates the drying time in the presses. 



Bonus R.atk on Rkni)in(; Prkssks 

Spccificai\o%\ 

This rate covers the ojKjration of bending pres.^^es 6, 7, 8, 9, 
3. 4, and 10 or 15. 
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Thi4 if''>rir iii to be cioae &!r one frprraanr ok a ojiAiLa mg ta> die 
u^*ts^M%^. hid fjKt in scaodard ioscnxsicaB 167 v^t II> and 
iV^^pt* Xr^^^i^jk&j fjci tfce dart arrarfrini daercfiOL t Figor 9u2.) 
fi" >; j[4»iiT^ /r^XT; thi^ (iiart thax esgixt beats on be obtzcoHi from 
j/r^^Ki*^^ J//, f^, fc8, a»i B>, and sctch hc2& frocn pnsi^cs B3. B4, 
'At:A i'fiO, it n k.^'KOfntd in these inscnKtiocis tfaax the plamimg 
o1 itf'/ft( iff/ff% the l^kattmig Department will aBov Bio and B15 
f// fi^ ^^fktrA iff tht %anie ofieratiTe akematehr. because boA of 
fjr^^ thi9/ hitter at yrtAtnt stand idk a good part of the time. 
'thh will alJ^/W all the tftni'mg presses on backs, banisters, 
f^'tfl^f^, r/tU, %jfirtAle% and turned legs to be operated by one 
ff\fffAVff H% \ftT <*<:herlule in Part L 

Thr \frff(\\\t,i\fm in numlxrr of pieces per day at 100 per cent 
¥tfu\^i\iy when ^/perated aca>rding to schedule is given bdow : 

1 728 
\\(t, 1)7, B9 (^-« Number of pieces per day at 

100 per cent 

t^M ^ +-^- -Number of pieces per day at 

^ 100 per cent 
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B3, B4 -^T- = Number of pieces per day at 

100 per cent 

Bio -7^= Number of pieces per day at 

100 per cent 

Bis (Same as Bio when operated imder this rate ; for other 

cases, see Standard Instructions, 205) 

In all cases, W= width of the piece in inches, and in B8 

W^ = width of long radius part and M^ = width of short radius 

part (commonly called in this plant ''straight bend" and 

"regular bend"). 

The above rules are the simplest forms of the following 
formulas: 

_, ioH^/io + 
B2 — 



Be (when bending forms are used) 
4W' W/ io + T \ 

W y[T+t) 

B4 Same as B3 (only long radius press) 



Bs 



B6 



6W'/io + 



m- 



y 

iW'/io + T 



m) ' 



B7 Same as B3 
B8 Same as B3 



- i'^h'ym)' 



B8 — j-l j = number of long radius pieces 



i68 



2W' U'Vio+A 

B8 — I -^ — ) = number of short radius pieces 

24 y\T + tJ ^ 



B,,^'P4±I\^P 



my- 



W^ = width of platen in inches 

W = width of bending form 
J = width of piece to be bent in inclies 
T = time required to dry pieces in press 
/ = time required to unload and load press 
P = production, number of pieces per day 

T will vary with the thickness of stock bent, but in all the 
rules given in this instruction, the constants have been based 
on the time required to properly form a | inch oak back. 

Data 

Width of platens are as follows: 
Bi, 2, 5 — 31 inches effective with 30 inch 
Forms — 15 inches wide each 
B3, 4 — 48 inches 
Forms — 24 inches 
B6, 7, 9 — 6 foot 
B8— 6 foot 
Bio — 6 foot 

Bonus 

The operator doing work should receive a straight hourly pay 
of 30 cents and his efficiency should be based on the total number 
of pieces bent per day. For example, if 100 per cent output for 
any day figured 1000 pieces, and he produced only 800 pieces, 
he should receive i)ay for the whole day based on 80 per cent 
efficiency. In making the calculation both broken and unbroken 
pieces should be counted, and all pieces regularly bent in bending 
forms should be continued to be bent in this manner. It is to 
be noted, however, that the 100 per cent production of each press 
will vary from day to day according to the width of the pieces 
being bent. 

Sanding 

Sanding is an operation occurring on practically every piece 
"•laterial handled in most woodworking factories. Its stand- 
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ardization, control and rate-setting require the employment of 
basic standardization and basic tinie-stndics. The three rates be- 
low illustrate the poi^sibitities of such studies. The almost end- 
less variety handled on this operation render tlie effectuality very 
low in most sanding departments lacking proi)erly set standards 
and rates. 



Surface Sanding on Continuous Red-Sani)i:k 

This type of machine is illustrated in Figure 93. When two 
machines like this are found in a plant they should l>c set at 




FiGlRF. 93.— Contiiuioiis Ui'd S;iiidiiiK Madiine 

rj^t angles to each other allowing one oi>erativc to receive the 
stock from one machine and pass int^i the other such slock as 
must be sanded on two sides. In this manner three operatives 
can obtain the same amount of production that lour can on two 
isolated machines. 

The machine consists of an endless bed of the platen convey- 
or type which carries wooden furniture jKirts under a series of 
oscillating sanding rolls, delivering them t<> an operative in (he 
rear of the machine. 

The study is two-fold, the production being limited in the 
case of long stock by the speed of die machine, and in the case of 



small stock by the handling time required to sort them before 
feeding into the machine. 
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j4 na/>'Si5 

j4 =Time to pick up pieces =o.o6 minute 

B =Time to sort pieces =a; minutes. (The value of x for 
various numbers of pieces was determined by a 
separate time study and graphically plotted as 
shown in Figure 94) 
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C=Time to force into niachine=o.o4 minute 
I, -Length of pieces in inches 
A'^- Number of parts per charge 

(The value of N was determined experimentally and graphi- 
cally plotted as shown in Figure 95. Not only was the 
size of the charge influenced by the width of the pieces, 
but thickness also had to be considered to maintain the 
proper quality of the work.) 
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5 -Speed of machine = 138 inches per minute 
3 — Allowance for rest and delays=i5 per cent 
Handhng time per charge =/l+S+C = 0.10 +x 
100 -, , , 
-jTi- = Number charges per 100 parts 

r=Time allowed per 100 parts 
( =Actual time per 100 parts 

Synthesis 

Case I, where length is not a limiting factor. 

In this case the rate is limited by the speed the operative can 
feed the parts Into the machine, therefore, 



("Number of charges per lO' 
time per charge 



parts times the handling 



o+x) 
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lO + IOOJt' 

= -. minutes 

N 

Allowing for 10 per cent to be returned for resanding we 
have 

lo + ioox ii+iioji; 
-. ii+iioa: ii+iiox 

I =1 .Z r^ = 115 



A^ ^^ A^ 



12.65 + 126.50: 
= ^ ,r- minutes 

A^ 

o. 211 +2 iix 
= j^ — — hours per 100 pieces 

Case II, where length is a limiting factor 

Speed of machine 

-^ w r Xthe number of pieces per charge = 

Length of pieces ft- t> 

number pieces per hour =^ — 

100 looL 

SN^ SN ™^^^^^ 

L 

Allowing 10 per cent to be resanded. 

looL 1 .iL 
t = i.io ^rT7= ^--minutes 

_ I . iL I . iL 

T = 1 .Z —ri = 1.15 —zt; 

i.sSN i.38A^ 

I .265L 



1. 387V 



minutes 



1 .26sL , 
= --— hour per iqo pieces 

To determine whether the allowance given in Case I or II 
should be applied reference is made to the graphic chart shown in 
Fipure 96, whereby, given the number of pieces per charge 



173 

( found by reference to Figure 95 ) the length in inches will be 
found, which if equivalent to or greater than the length of the 
stock, will indicate that length is the limiting factor and that 
Case 11 must be applied. 
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Incho in Ltngth 

E 96. — Kclati Oil ship Between Length of I'ici 
Pieces in Bed Sanding Operalio 



ind N'limber of 



With such a rate as al>i>ve, a clerk need only know the length, 
width, and thickness of a piece ot stock to determine very easily 
the time in hours required to run one hundred pieces of such 
stock. 



Bonus Rate fur Polish S.\nding of Edges 
Rale Symbol 

59— SdPS— Setti ng- up 
59— SdPC— Changing Sanding Belts 

59 — SdPE-i — Sanding Edges (parts under 27 inches in 
length) 
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-— _ . -«■ - • >^«. — ■ I I ■ I _^_..^ ■ ^r ■ 
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-vs: 3ac laHTS 



-^r .^»i. 



-->• 



i?*:/rr:--:rr: 






r _ 



*- il f^^ir : rhir *f:;r^ cf ;«rfeich are smdei ttpon tile polish sand- 

tj^4rvipfu.n of Pr^:;^:nt Conditions and Cost 

i i.r f.r^*:^if p/.If rh ranrfin^ of eciges «jpenid«.^n consists of the 
w'.i'Vrriari r.'ikfnj^ rt rharge from the truck walking to his machine. 
Aiifl f>f;-i/ rit^^f fh#t r\-x7tr^K in a hxture on the movable carriage, ar- 
r;iriif)f,j;^ fJir fiftrtt wh«i neces-ar\'. The parts are tfien wedged 
ifi fhr fiitiirr. nnrl «%amfeff by moving the carriage backward and 
fnf\Af!trel, \rj tb: ojKrrator's right hand at the same time applying 
fh^ mfivinft ^rvl-paper belt, by means of a lever under the op- 

hand, at socceMive positions from the kft to tibe 
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right ends of the charge. After sanding the edge, the wedge is 
removed, and in some instances the parts are turned over and 
wedged again for the purpose of sanding tHe other side. Upon 
completion of sanding, and the final removal of the wedge, the 
charge is carried to the truck and deposited. 

The operator supplies his own stock and provides his own 
sanding belt by frequent trips to the stockroom and after sand- 
ing, trucks the finished parts to one side of the room. A great 
amount of time is wasted at present in tlie performance of this 
sanding operation, both in handling and actual sanding time be- 
cause of lack of incentive. 
Recommendation for Standardisation of Conditions and Cost 

The time consumed at present in needless walking between 
trucks and machine will be greatly reduced by more convenient 
setting of the trucks. Also, the installation of bonus will be an 
incentive to the operator to decrease handling time by taking more 
pieces at one time. 

The actual sanding time will be reduced, as bonus will neu- 
tralize the present tendency to continue the sanding of a charge 
beyond the time necessary to attain the desired quality of fin- 
ished surface. 

Time now consumed by the ojHirator in trucking and getting 
sanding belts will be devoted to production, as these duties will 
be taken care of by the department utility man. 

The time allowance for changing sanding belts will be taken 
care of in the following manner : 

The department utility man will provide each morning a sup- 
ply of sanding belts of various numbers for each machine. As 
the new belts are required by the operator he will take them from 
this supply, leaving the used belt in place of the new one. 

As each job is completed, the Piece Counter will note, on a 
piece counter's report, the necessary information in the first 
seven columns, and under the heading Pieces he will note the 
number of sanding belts used on each job. He will also make a 
notation on the face of the form to the effect that it covers a 
report on sanding belts used. This report is in addition to the 
regular report on the pieces produced. 

The last job worked on will be entered immediately the fol- 
lowing morning, and the report placed in a time card box, for the 
Planning Department, which will complete the allowance to be 
made the operator for changing belts, and enter this time on 
operator's card. 
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Analysis 

A = Place charge on machine (parts under 2 7 inches long) 

= 0.25 minute 
B = Place charge on machine (parts over 27 inches long) 

= o.35niinute 
C = Wedge parts in fixture =0.05 minute 
D =Time in minutes to sand one surface =^ 
£= Turn charge (parts under 27 inches long) =0.20 

minute 
F = Tum charge (parts over 27 inches long) =0.25 minute 
G = Remove wedge = o . 03 minute 
H = Place parts on truck =0.15 minute 
s = Number of sides of charge necessary to sand 
W = Width of surface sanded, feet 
L = Length of surface sanded, inches 

— = Number of oscillations (cycles) of carriage 
2.5 

o.oSVy =Time for i cycle, minutes per foot of width 

X = — (o.o8H^) (see D above) 

2-5 
z = Allowance for rest and delays = 15 per cent 

A^ = Number of parts per charge 

Synthesis 

r=Time allowed per 100 parts 
t = Actual time per 100 parts 

5c)— SdPE— I 

t=^ (A+sC+sD+E+sG+H) 

N 

= -rr-( 0.25 +0.055 +5 (o.oSW) +£+0.035+0.15 j 

= -— (0.25+0.15+5 0.05 H (0.08HO+0.03 \+e) 



=^(0.40 +5| 0.08 +-(0.08 ly) +Ej 
100/ „ r LW] ^\ 

=— (o.40+o.o85[i+— J+£) 



1/7 
_o.40+85(i +o.4LW)+iooE 

Si" 

„ (40+85)[i+o.4LW-'] + iooE) 
7^,.,_.. ^^ 

(404 85[ I + 0.4L W] + 1 ooE) 
-1.15 - -^, - 

46 + 9.25(1 +0.4LW1 + II c;£ 

= - — * minutes 

A' 

0.766-4 O.IS^5[l +0.4/-ir] + I.()2/i , 

= ' . — - hours per 100 parts 

If but one edge is sanded, E has value of zero, and s = unity 
5(>— SdPE— 2 

t = ^-~ (B+sC+sI)+F+s(;+H) 

= ^((0.35+0.055+5 (o.oHlD +F+0.035 + 0.15J 

L 



=-^1^^^(0.50-! 5(0.08+ ;)o.o8ir+/*') 

100/ , / L\V\ ,,\ 

= ,^- (0.504 o.o8.s-(,+ ^ -)+/.) 

50 +85 +0.4/^11' + 100F 
A' 

(^o+8i(i +o.4/Jr) + ioo/') 
I -i.z ^, 

{5o4 8.v(i +o.4/jr) + ioo/'") 
= 1.15 • V 

^5.7.5+9,2£(i +0 4AU:) +1 15/-- ,^.^^^^^,^ 

0.058 + 0.1535(1 +o.4/jr) + i.(;2/*' , 
SB - hours 

A 
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If but one edge is sanded, F has value of zero, and s = unity 
Day Rate =$0,275 P^r hour 
Base Rate =$0.30 per hour 
Pay bonus based on curve shown in Figure 116 

Production will be based on direct count made by the piece 
counter, who will report count to Planning Department, which 
will enter same on operator's card. 

Operator will stamp card at start and finish of each job. 

Stock will be delivered and product taken away by depart- 
ment trucker. 

Time allowance for changing belts will be based on piece 
counter's report of sanding belt changed. 

Bonus Rate for Sanding on Oscillating Drums 

Rate Symbols 

Setting up — 34D02S 
Operating — 34D02 
Time Allozved 
See Table 7 

Work Handled Under This Rate 

Stock of various shapes, lengths, widths, and thicknesses are 
smoothed on these machines. 

Description of Present Condition 

The trucks are pushed to the operator most of the time and 
he is supplied with an empty truck on which to pile finished pieces. 

Any man that the other departments do not need is sent to 
this department to operate these machines and the result is that 
the production is low and the operatives slow. 

Recommendations for Standardization of Conditions 

The productive work is done correctly at present but the men 
should l3e taught by the foreman the proper method of per- 
forming the work. 

Analysis 

T = Time allowed 

P =Time required to pick up one piece =0.03 minute 
5 = Time to smooth piece 
D =Time to lay piece on truck =0.02 minute 
z = Fatigue allowance = 15 per cent 
<« Actual time allowed 
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Synthesis 

7 = (P+5+Z?)=ioo 

T (per loo pieces) = (P +5 +D) loo X i . 1 5 
Example: One piece of stock under ij/^ inches in thickness 
smoothed on two sides. One side 20 inches to be smoothed and 
10 inches on the other side. 

(0-03 +0.07 +o.o4+o.02)Xi. 15X100=18. 40 minutes time 
per 100 pieces, or 0.31 hour per 100 pieces. 

Tablb 7 — Time Required to Smooth by Sanding Various Lengths of Lumber 

(Symbol SdDO) 

(All Values are in Minutes) 



Length 


Under 


Over 


of 


i| Inches 


I i Inches 


Surface, 


in 


in 


Inches 


Thickness 


Thickness 


I 


0.02 


0.02 


2 


0.02 


0.02 


3 


0.03 


0.03 


4 


0.03 


0.04 


6 


0.04 


0.05 


8 


0.04 


0.05 


10 


0.04 


' 0.05 


12 


0.05 


0.06 


14 


0.05 


0.06 


16 


0.06 


0.07 


18 


0.06 


0.07 



Length 

of 

Surface, 

Inches 



20 
22 

24 
26 

28 

30 

32 

34 
36 

3« 
40 



Under 
I J Inches 

in 
Thickness 

0.07 
0.07 
0.08 
0.08 
0.08 
0.09 
o. 10 
0.13 
0.13 
o. 14 

o 15 



Allow 0.03 min. for picking up one piece 
Allow 0.02 min. for placing piece on truck 
Allow 15 per cent for fatigue or rest 



( )ver 
I 2 Inches 

in 
Thickness 



0.08 
0.08 
o . (k; 
0.09 
0.09 
o. 10 
on 
o. 14 
o. 14 

0.15 
o. 16 



ASSEMBUNG 

There are two distinct types of furniture assembly, unit and 
continuous. The unit type is found in a great many of the older 
factories. A team of from one to three men receive the stock, 
machine it, drive up the unit assemblies, and finally assemble the 
completed units. This necessitates vast quantities of stock and 
unit assemblies on the floor at one time and when the final as- 
semblies are made, a large quantity of finished product accumu- 
lates in a comparatively short period. This results in continual 
congestion such as that shown in Figure 97, which represents 
natural conditions in a certain chair factory. 



T]ie cnntiinious process receives st(>ck at unc end of Ibe <Ie- 
pKrtiiifnt mid a large crew of assemblers assemlile it part by i>art 
progressively until at tlie uutyoing end of the de]>:irtint-iit Ibe as- 
sembled product is inspected and sent tu the finishing department. 
This is br>th more logical and economical, and reduces the volume 
of work in jjroccss tremendously in the assembly clejiHrtnient. 

In setting rates for assembly work, rates for each type of work 
on certain classes of product may be worked out as follows. 




Bonus Rate for Boltinc, 



. SiiAT AND Legs 



Rale Symbol 








DC-8 








Spccificalions 








The chairs covered by this 


rate are : 




agsa-fi 


Jt)9I-6U 


1fi8o-f.UB 


3072-AU 


2y74-6U 


2<WO-6U 


3069-6L1 


JQ71-6U 


JW-OU 


2973-6U 


3o7.H>U 


29.1,W'U 


59S9-''U 


1802-6U 


2Q8.S-6U 


irno-aV 


38gq-6U 


.107S-6U 


.wy-6U 


?<)4o-i>f 


3195-61' 


agifl-fcU 


i'^v^'t>v 


31)71)-^ L'B 


il),^li-l•u 


.lof,5-/,U 


ioSi-&ir 


2'>7.1-fl'B 


l^l-bV 


107K-6U 


?977-'iUB 


ig7-t-6UB 
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Time allowance per lOO pieces = 1.57 hours. 
Description of Operation 

The two operators stand at the vise with a pile of frame seats 
behind them and a pile of backs behind them at their right. 
While one operator is taking a seat from the pile and places it in 
the vise the second operator takes a back from the pile and fits it 
to the seat. Each operator then places one bolt and nut in po- 
sition and one leg witli a bolt and nut in position. They then 
take socket wrenches and each one tightens two nuts. The chair 
is then taken from the vise and placed on a pile. 

From observation of the above oi)eration it was found advis- 
able to divide it into the following elementary units: 

Detail Operation Minnies 

A Take Ijack and s(»t, place in vise and (it toj^elher o . 10 

B Place bolts and nuts in position 016 

C Place leg in f)osition with bolts and nuts 0.14 

D Take socket wreneh, tighten two nuts o 14 

E Tighten two nuts, lay down wrench 0.14 

F Take chair from vise, place on pile o. 16 

Total time necessary o . 85 

10 per cent for rest and delays o. 09 



Total time allowe 1 o c> | n n. or o.')i57 ^^^ 



Bonus 



In figuring a nian*s pay, nuiltiply the number of 100 pieces 
by time allowance which ^ives the lime allowed. The time al- 
lowed divided by time taken j^ives the man's elhciency. Ref- 
erence to the Ixmus curve for this efficiency f^ives the percentaj^e 
th.1t the man is to receive. 1m )r instance, if he is 100 per cent 
efficient, his bonus from the curve shows 25 per cent. In this 
case, if the time taken was 10 hours, the man would be i)ai(l for 
I J. 5 hours, the hourly rate for all men workinj^ on lK»nus under 
this rate symI>ol shall Ix* J7'j cents per hour, pnnided their 
efficiency is at least 70 per cent. 

However, it is far j)referal)le to use tabulated sununation 
rates such as the following and work up the rates for each type 
of operation and class of ])r(Kluct from Table 8. 

In the ai)plication of the above times the unit oi)erations with 
their correct time are determined and the times arc .Munmed up 
making the comi)lete actual time jkt chair, expressed in minute.s. 
Then the complete time is nuiltii)lied by (»ne of the following con- 
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Tablk 8 — Bonus Rate for Unit Times for Operations Performed in 

Driving-up Dep^vrtment 

(All Values are in Minutes) 



Operation 
Number 



I 

2 

3 

4 

5 
6 

7 
8 

9 

10 

II 

12 

13 

H 

15 
i6 

17 

i8 

19 

20 
21 
22 

23 

24 

25 
26 

27 

28 

29 

30 

31 
32 

33 
34 
35 



Operation 



From Bench 



Pick up and place work on bench 0.02 to 0.09 

Pick up and place work in vise o . 02 to o . 08 

Pick up and place work in press o . 03 to o . 08 

Pick up and place work on horse 0.02 to 0.08 

Pick up piece at hand 

Pick up hammer, screw driver, wrench, breast drill, screw 

clamp, etc., from bench 

Clamp vise 

Clamp fixture (per eccentric) 

Tighten screw clamp 

Tighten press (per screw) 

Apply glue (per hole or mortise) 

Walk one foot 

Place one bolt into position 

Place one screw into position 

Drive one screw 

Drive one nail 

Run nut onto bolt by hand 

Tighten nut on bolt with socket wrench 

Drive one bolt : 

Place parts into position 

Fit one part to another 

Press, comer blocks into position (per block) 

Drive two parts together 

Drillhole 

Saw (machine) 

Clean (must be determined by specific study) 

Hand sand (must be determined by specific study) .... 

Reverse part on bench 

Reverse part in vise 

Unclamp vise 

Unclamp press (per screw) 

Unscrew clamp 

Lay down tool, clamp, etc 

Pass work 

Place on floor or truck 



Per Cent for Rest 
and Delays 



Constant 



5 
8 

10 

12 

15 
20 



Per Cent for Rest 
and Delays 



1.75 
1.80 

1.83 
1.87 
1 .92 
2.00 



25 
30 

35 
40 

45 
50 



From Floor 



0.05 too. 16 
0.05 too. 12 
0.03 too. 08 
o . 02 to o . 08 
o . 02 to o . 04 

0.03 to 0.05 
0.05 
0.02 

0.05 

6.08 
o.oi to 0.04 

0.005 

0.05 

0.03 
0.05 to 0.09 
0.03 to 0.06 

0.03 

0.06 to O.IO 
0.05 to 0.10 
0.03 to 0.12 
0.03 to 0.12 

0.05 

O.OI to 0.08 
0.06 to 0.12 
0.02 to 0.06 



O.OI to 0.05 
O.OI to 0.05 

0.03 

0.02 to 0.04 

0.03 

0.02 
0.03 to 0.06 
0.04 to 0.08 



Constant 



2.08 
2.17 
2.25 

2.33 
2.42 

2.50 
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slants for tlie corresponding allowance for rest ami delays to ob- 
tain the time allowed per lOO pieces expressed in hours. 



In the very varied operations of finishing the innumerable 
kimls of product, tlie use of basic procedures is absolutely essen- 
tial. The following is an illustration of a good finishing rate. 

The rate selected covers the application of finish to furniture 
parts by clipping in tanks (See Figure 98). The finishes applied 




include jxiint, varnisli. slain, glue, sizing, and crude oil, all upon 
a large variety of work. 

The o|>erations are perfurnied in varii>ns ways, the most 
ronunon iK'ing two 1 ijieran ts at a tank; i>nc uperator takes llie 
IMirt fnun the truck, hnislies the dust tnim tlii' surface in sumt- 
instances and dnijts the part inli> the tank. TIk- <itlKr opi-ratiT 
then dips the p;trt, and places it in tlu- drain rack at <inc side, 
where the excess material drips I'lY and (!rain> hack iiit'i the ilip 
tank. After completely filhiig tlu- drain rack, the mw i>]wvM<<\- 
takes the jKirts from it. brushes tlic >url';uc t<i rcmnvo tin- runs 
and dnnH; the other operator takes the iKirt and places it on llic 
truck. 

This proceiUirc is .sometimes varieil by employing ' 



1 84 

erator alone at one or more tanks, and in this case he performs 
the complete cycle of operations, dipping, placing to drain, and 
taking down. Two men may be employed in this manner, work- 
ing independently, and performing the same operations simul- 
taneously. 

Another variation is the use of two men at one tank working 
semi-independent ly, one operator performs the dipping and plac- 
ing on the drain rack throughout the job, while the other op- 
erator takes the parts down and places them on the truck. 

First, an allowance is made for mixing materials and cleaning 
the tanks, DpMC -■= 60 minutes = i hour per day. 

This allowance is made to all operators working at tanks, the 
material in which requires mixing at the start of work morning 
and noon, and cleaning down at the close of work at noon and 
night. This allowance is pro-rated over all the jobs worked 
upon during the day; o.io hour is allowed for cleaning and 
mixing for each one hour of the time consumed in the actual 
performance of the operation. Thus, if a time or job card is 
turned in with time stampings indicating that three hours were 
consumed on a job, 0.3 hour will be allowed for cleaning and 
mixing; the time which the operator is considered as being ac- 
tually engaged in the performance of the operation will be three 
hours minus 0.3 hour or 2,y hours. 

Effect of Size 

The product is classified into three classes to' limit the va- 
riable effect of size upon the operation. 

a = Parts 12 by 12 inches and under, or parts with an 
equivalent area. 

b = Parts over 12 by 12 inches up to and including 24 by 24 
inches or with an equivalent area. 

c = Parts over 24 by 24 inches, or with an equivalent area. 

Rate Symbols 

Dp- 1 = One or more men at one tank working independ- 
ently, performing same operations simultaneously 
Dp-2 = Two men at tank working dependently 
Dp-3 = Two men at tank, working semi-independently, per- 
forming different operations. 

Analysis 

Aa = Pick up charge (parts size a handled singly) = 
0.02 minute 
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Ak = Pick up charge (parts size a and b handled) (more than 

one at a time) =0.04 minute 
yle = Pick up charge (parts size c) =0.08 minute 
D = Transfer charge from left to right hand =0.04 minute 
£a = Brush dust from surface (parts size a) =0.02 minute 
£ft= Brush dust from surface (regular surface size class b 

and c) =0.04 minute 
£c = Brush dust from surface (irregular surface size 

class b and c) =0.06 minute 
i/a =Drop charge in tank (size class a) =0.02 minute 
//» = Drop charge in tank (parts size b and c) = 0.04 minute 
Ja = Dip charge in tank (parts size a and b) = 0.04 minute 
yc = Dip charge in tank (parts size c) =0.06 minute 
Z^= Place charge in drain rack (part size a and b) = 0.04 

minute 
Lc = Place charge in drain rack (part size c) =0.06 minute 
N =Take charge from drain rack =0.05 minute 
Oi= Brush runs from i square foot of flat-painted sur- 
face =0.01 s minute 
O2 = Brush runs from i square foot irregular-painted sur- 
face =0.03 minute 
03= Brush runs from i square foot of flat-painted sur- 
face =0.03 minute 
O4 = Brush nms from i square foot of irregular- varnished 

surface =0.06 minute 
5 = Place parts on truck =0.06 minute 
L'' = Place sticks between laver on truck =0.20 minute 
F= Remove sticks from truck =0.10 minute 
U'= Arrange trucks =0.35 minute 
z = Allowance for rest and delays = 15 ])er cent 
d = Number of pieces picked up at one time 
u = Number of ])ieces di])ped at one time 
i'= Capacity of tank at one setting of truck 
a* = Number of square feet of painted flat surface brushed 

to remove runs 
J = Number of square feet of painted irregular surface 

brushed to remove runs 
c = Number of square feet of varnished flat surface 

brushed to remove runs 
/ = Number of square feet of varnished irregular surface 

brushed to remove runs 
r = Number of pieces per layer on truck, when truck is 
being loaded 
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n= Number of pieces taken from rack and placed on 

truck at one time 
/t= Number of pieces per layer on truck, when truck is 

being loaded 

Synthesis 

t = Actual time per loo pieces 
r=Time allowed per loo pieces 

Dp-i 

One or more men working independently at one or more 
tanks; each man dips and each man takes down, performing 
operations simultaneously, or one man performs all operations. 
Time allowed is based on one man alone performing complete 
operation. If two men are employed, divide time allowed by 2. 
Parts handled under this rate are all handled more than one 
at a time, and are under 24 by 24 inches or equivalent area. 

i = ioo(~+—+Et,+Ee+—+—-\ 1 — +0iW+02y 

\ a a a u u n 

S W U V 



n V r h/ 



Operations always performed are At, Ja, La, N, 5, W. 

/0.04 0.04 0.04 0.05 0.06 0.35 D Ht, 

i = iool — T-H i 1 i 1 r-yr—r 

\ a u u n n v a a 

, ^ ^ U V\ 
+o,oisiv+o.osy+o.ose+o.o6f+Ei,+Ec-\ [--j-j 

4-iooZ)-ioo//ft 8 II 35 

= 7- h- H 1 hi. 5^^+3:^+3^+6/ 

a ti n V , 

_ _ looL^ looV 

+ ioohb + ioohc-\ 1 — ; — 

r h 

r = i.is(3H 1 h— + 100-7+100-;^ + 1. 5Zf+3>'+3e 

\d u n V a a 

^ _ looU . looVX 
+6/+ looEb + ioo£c H 1 — J—) 

4.60 + iisD + iisHi, , 9.20 , 12.65 , 40-25 , 

= 1 1 1 \-i,72Sw 

a u n V 
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+3-4Sy+3-45^+6.9o/+iis£'^ + iiS^cH 1 — ; — min. 

T n 

0.077 +i.02Z? + i.02//6 0-I53 0.211 0.67 

= 3 1 1 1 I-0.029M; 

a u n V 

+0.0587 +0.058^+0. 1 1 5/+ 1 .g2Ei, + 1 ,g2Ec 

. i.g2U . i.g2U , 

H 1 r — = hours per 100 pieces 

r h 

Dp-2a 

Two men working dependently, handing parts from one to 
another. Parts 1 2 by 1 2 inches or equivalent area, and under. 
Parts handled singly. Production based on man who first 
handled parts, in both dipping and taking down. 

t^ioo[Aa+Ea+Ha+N+0iw+02y^0:,e^0Af 
. W U V\ 

+—+-+y) 

V r h / 
Operations always performed are Aa, Ha, iV, W, 

/ = iool 0.02 +0.02 +0.05+ - — +o.ois^'+o.ovv+o.o3£? 

(01" 
0.09+ -—- +0.01 5it' +0.0^3' +0.031' +o.o6/+iSa 
V 

U V\ 

9+^ + i.5tf+3;' + .K + 6/ + ioo£:« + '^^- + '^,''-) 
V r It f 

,« / ^ ^ 1 00 f ' 1 00 \ ' \ 

7 = 1.1/ 9+^-1-1. 5a+3v+3r+()/'+ioo^„ + + ,- 

\ V r h / 

40.2^ 
= 10.35+ ^ +i.725W'+3.45j + 3.45t'+6.9o/+ii5jEa 

I' 

H — ^ — h -; — mmute 
r h 
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= 0.171 H — '- |-o.o29ie;+o.o58>'+o.os8^+o.ii5/+i.92£a 

V 
I.Q2U . 1.02^ , 

H 1 ; — hours per 100 pieces 

r h 

DP-2b 

Two men sorting dependently, handing parts from one to 
another. Parts over 12 by 12 inches, up to and including 
24 by 24 inches or equivalent area. These parts are all 
handled singly. Production based on man who first handles, 
parts, in both dipping and taking down. 

t = ioo(Aa+E,+Ec+Hi,+N+0iw+02y+0^e+0Af 

V r hf 
Operations always performd are At^, //&, Ny W. 

/ = 100(0.04 +0.04 +0.05 H — '' ho.oisie; +0.03^ +0.03^ 

+o.o6f+E, +Ec +y +^ 
= 100(0.13 +-^-^ +0.01 szf+o.o3:V +0.03^ +o.o6/+£ft 

35 
= i3H |-i.4W^+3:^+3^+6/+ioo£ft + ioo£c 

V 

looU looV 
r h 

" \ V 



looU , looV 
r h 



) 



= 14.9s +^^^ + i.72SZ£;+3.45y+3.45e+6.9o/+iisJS:» 

V 
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115U 115V' . 

+ iis£cH 1 — -, — minutes 

r h 

=0.25 H — '- |-o.o29t£;+o.o58>' +0.058^^+0. 1 1 5/+ 1.92/^6 

V 

+ i.92£cH 1 ; — =hours per 100 parts 

r h 

Dp-2C 

Two men working dependently, handing parts from one to 
another. Parts over 24 by 24 inches, or equivalent area, and 
are all handled singly. Production based on man who first 
handles parts, both in dipping and taking down. 

t--ioo(Ac+Et,+Ec+H^+N+0xw+02y+0sc+0Af 



W U V 

f— +- + 
V r 



h) 



Operations always performed are Ac, //^, A', \V. 

0.08 +0.04 +0.05 + - - - +0.01 ^w +0.033' +0.03C 

V 



(02" 
0.17 + *-'^ +0.01 5tt' +0.03 V+0.03C +0.06/" 



+E,+Ec+-+-r) 

r h / 



17 H — ^ + i.5«:'+3;'+3r+6/+ioo/!;ft + ioo/!;c 



. loof' looT 

+ + ,- 

r n 



7 = 1.15(17+— + i.5Zf +3;'+3e' + 6/+ioo/s6 + iooZsc 



looU \o6V\ 
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40.25 
19.60 H \-i'725W+SASy+3A5^+6^9of+ii5Et 

V 



^ iisU iisV . 

+ iis£rH 1 — j — minutes 



0.67 
= 0.327 H |-o.o29Zf +0.058:)/ +0.058^+0. 1 15/ 

V 

1.921/ I-92F 
+ i.92£ft + i.92£eH 1 r — hours per 100 

T ft ' 

pieces 

Dp-3 

Two men at one tank working semi-independently, one 
takes parts, dips, and places on drain racks, while the other is 
taking parts from drain rack, brushing nms, and placing on 
truck. Production based on man who performs dipping 
operations. Parts handled are all imder 24 by 24 inches or 
equivalent area, handled more than one at a time. 

^ = I00l — +-7+£a+£ft+£c+-7+-7+— H 1-7-) 

\ a a a a u u h/ 

Operations always performed are At,y Ja, and La. 

(d u u V\ 

— r7^xjrTTr+ — + — +Ea+E,+Ec+-) 
0.04 +D+Ha+Hi, 0.04 0.04 h/ 

/ 0.04+Z? +//«+//, .0.08 , j;, , ^ , ^ ,V\ 
= iool 1 \-Ea+E(,+Ec+-rj 

4 + iooD + iooHa + iooHi, 8 , _ , _ 

= ; 1 h IOO£a + lOO^ft 

a u 

looV 



+ ioo-Eo-f 



h 



U + iooD + iooHa + iooH^ 8 , _ , ^ 
= 1.151 J 1 l-ioo£o + ioo£5 

100 F \ 



+ioo£c4 



4.6o + ii5D + ii5//o + i i5//» 9.20 , _ , _ 

a u 

V 
+ iis£c + ii5t- minute 
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0.077+ 1.92D+ i.g2Ha + i.g2Hi, 0.153 ^ 

, ~T~ I 1. 92^*3 

a u 

+ i,g2E^ + i.g2Ee-\ — '—, — hours per 100 pieces 



Basis of Shop Practice 

For each and every phase of the manufacturing procedure, 
definite scientifically devised standards of operational practice 
should be created, based upon careful study. Not only should 
production standards of quantity and quality be developed in this 
manner, but standards of method as well. Nothing should be left 
to personal preference. Each operation should be performed in 
as near the "one best way" as possible to determine. 

It is to be regretted that there has been so little research along 
lines which would create such woodworking standards. In the 
next chapter we will consider what little data are available as to 
the proper cutting of wood. 



CHAPTER IX 
THE CUTTING OF LUMBER 

THE real cause of the lack of standardization in the wood- 
working industry can be traced to the lack of knowledge 
of the fundamental principles upon which the industry is based. 
In no instance is this more marked than in the lack of knowl- 
edge of the theory of the cutting of wood. 

In the metal-working industry the cutting of metal has been 
the subject of study and research for many years, and the de- 
velopment of high-speed tool steel in its many varieties and the 
operation of machine-tools in general is based upon scientific 
fact. 

Such fundamental methods, however, have been little con- 
sidered in the w(X)dworking industry. Ask any experienced 
woodworker what the difference should be between feed speeds 
for cutting oak and birch and you will probably solicit not only 
contemptuous pity at your ignorance or lack of "experience" but 
you will be met by a frank statement that "wood is wood" ^nd 
you "cut it as fast as you can." 

That this same lack of knowledge is prevalent among the 
makers of woodworking machinery is demonstrated by the fol- 
lowing abstracts from letters requesting the proper speed and 
feed for woodworking bits. A large drill manufacturing com- 
pany with an international reputation answers the author's in- 
quiry as follows : "In reply to your letter of would 

say that in general the proper revolutionary speed for use in 
woodworking bits in various kinds of lumber is as great as pos- 
sible without burning the drill. Speeds from looo to 2000 
R.P.M. are used. This company has no official recommendation 
as to the proper speeds and feeds for woodworking bits except 
as above stated, run them as fast as possible. The most im- 
portant point in boring wood is to see that the chips clear as 
readily as possible. This will require that a slower speed be 
used on deep holes than on shallow holes." 
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A firm specializing in the manufacture of woodworking ma- 
chinery writes as follows: "In regard to bits — these should be 
run. from 4000 to 5000 revolutions per minute." Another large 
woodworking machinery manufacturing concern states "spindles 
on the boring machines from 1000 to 3800 revolutions per min- 
ute depending upon the size of bit and style of the machine." 
One small tool manufacturer however very frankly covers the 
subject as follows : "We are sorry that we are unable to advise 

you in the matter mentioned in your letter of the We 

do not ourselves offer a table of speeds and feeds of woodw^orking 
bits, neither can we find any reference to this in any of the 
catalogues of various drill makers that we happen to have on 
file. Candidly, we do not believe there is one issued." 

Just consider what this means. Millions of holes are being 
bored daily in woodworking plants throughout the country at all 
kinds of feeds and speeds. To any technically trained individual, 
tlie fact is evident that there is a certain maximum revolutionarv 
speed and feed for each type of bit used in each kind of wood. 
To be sure, wood is not as constant a material as metal, but there 
are certain general fibre relations betw^een the different varieties 
of wood, and through kiln drying the moisture content of the 
wood may be controlled. 

Furthermore, the metal-working industry has shown the won- 
derful effect of the development of high-speed tool steels, and if 
the same study and research were applied to the development of 
proper tool steels for wood, as greatly increased productions could 
be obtained as were in metal. To be sure, the cutting time in 
wood bears a slight ratio to the handling time, while in the cutting 
of metal the cutting time usually far exceeds the handling time. 
but the author has observed often as high as 300 per cent varia- 
tion in the cutting times of various woodworking operations 
which indicates that a very appreciable saving would result from 
the development of proper cutting speeds of wood. 

As unstandardized as are boring operations as illustrated by 
the above, so is the operation of circular saws. The majority of 
circular saw manufacturers simply recommend a definite periph- 
ery travel of from 9000 to 10.000 feet per minute with the excep- 
tion of a reservation that should sufficient power not be available 
to maintain a uniform motion at this s|>eed, the speed should be 
reduced where it can be maintained at a constant. What meagre 
mformation to give the thousands of manufacturers who are 
opecattng saws I 
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A still further pliase of this (juestton denoting the lack of 
standardization is the various methods in which saws arc filed 
or sharpened. The average mechanic in tlie woodworking fac- 
tory who repairs and files the saws Uiscs his methods entirely 
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upon his own personal opinion and it is very probable tliiit if one 
hundred such individuals were assembled and asked certain fun- 
damental questions regarding the proper repair and filing of 
saws that to many such questions you would obtain one hundred 
answers. To a large extent, this is borne out by the 
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various theories of saw filing which are published constantly in 
the woodworking journals. Such development of the proper 
sharpening of woodworking tools as the theory of lip clearance 
developed for metal drills has never been considered so far as 
the author has been able to discover. 

One exception to this lack of standardization is shown in 
Figure 99. This concern has carefully worked out the proper 
cutting ratios for its planers on the different kinds of woods. 

In a well-known engineering text book, the mathematical 
theory for figuring the pitch of teeth, speed ratios, cutting re- 
sistance, feed resistance, etc., of saws is given, but in investigating 
a large number of woodworking industries the author has been 
unable to discover in any one of these plants where any member 
of the organization had heard of such theory or made any use of 
it. To illustrate the lack of standard practice in the operation 
of woodworking machinery. Table 9 has been prepared. It 
shows certain statistics gathered in six different woodworking 



Table 9 — Data Showing Lack of Standardization in Woodworking 

Machinery 



[ 

1 


A 


B 


c i 


D 


£ 


F 


Cut-off Saws: 














'Dianieter, inches 


18 


20 


16 


18 


20 


14 
2900 


Revolutions per minute 


2200 


1900 


2200 


2200 


2100 


Lineal feet per minute 


10,300 


9950 


9200 


10.360 


11,000 


10,650 


Band Rippers: 














Saw, lineal feet per minute. 


6700 






8300 


7500 


8150 


Peed, feet per minute 






120 




116 


135 


Planers: 














Revolutions per minute. . . 


4500 


4200 


3600 


4500 


3310 


3300 


Feed, lineal feet per minute 


33 


30 


30 


20 


21 


25 


Number knives 


2 


4 
46 


4 
40 


3 
56 


4 
49 


4 
44 


Cuts ocr inch 


26 


Stickers: 




Peed, lineal feet per minute. 


70 


35 


20 




53 


14 


Continuous Jointers: 














Feed, lineal feet per minute. 




45 


36 




32 


• • • • • 


Shapers: 














Revolutions per minute. . . 


4500 


4300 





8430 


5860 


6000 


Band Saws: 














Lineal feet per minute. . . . 


6300 








5100 


6150 


Sand Drums: 














Lineal feet per minute 


3825 


3600 






4570 




Sand Belts: 














Lineal feet per minute. . . . 


2010 


3000 


3170 


4000 


2815 


2280 



-r -.'j^.-~ -4c-r.a -Iiri-Ignited a~ A. B. 

- '-.t: r, -.ri r-_i: iheie fix iaa..'rie5 

- '-.'^ ^"•- iTtJtc oi pr.Kloci with 
:---r.j. -. z:i.^:z<:::.2y the jame varieiie? 



IVBC9rai2Xn 


mm' 







: Coarw-Fibred Wood 



I-'ir ^tvtral years the ;imii"r lia? tndtavored to formulate 
a tlic'-ry for the cutting -.f various typti-.f hard woixi. The basis 





f*'n;rKE 101.- Micro Structure of Fine- Fibred Wood 

for ttiis h.-^^ Iiccii time study ami observation of varioos types of 
tools anil fjuiimR-nt o|x:rating u|Kin various types of wood. The 
results arc very meaRfe as yet, inasnnich as the cutting steel or 
tools were sinijily local equipment and this important factor of the 
■■"'ibk-ni had, nf necessity, to be practically ignored. The aiitlior 



197 

does not feel justified in publishing any definite figures on this 
subject inasmuch as it has been impossible to pursue these in- 
vestigations in a thoroughly scientific manner but in general the 
theory may be stated as f olh^ws. 

For coarse-grained woods such as oak a relatively high cut- 
ting speed with a slow feed should be used, while for fine grained 
such as birch a slower cutting si>eed with a faster feed should be 
used. 

These facts were established by actual experimentation and 
in examining the results for the probable basic theory it would 
seem that the cutting si)eed was largely dependent upon the 
cutting or shearing of the individual fibres of the wood. That is, 
that where there were many small closely grained fibres, of neces- 
sity the cutting speed must be reduced as more fibres present 
themselves to the saw or tool, but inasnuich as these fibres are 
smaller, a greater feed could be maintained, while with large- 
fibred wood such as cKik, fewer fibres are encountered, hence the 
si^eed of the tool can l^e greatly increased, but due to the resistance 
of the larger fibre a slower feed nuist be used. 

Coarse-fibred and fine-fibred woods are shown in cross-section 
in Figures lOO and loi respectively. It will be noted that the 
pores (the large white six)ts in the figures) in the coarse-fibred 
woods are less evenlv distrilmted than in the fine-fibred woods. 

m 

This is cKcasioned by the fact that these grow larger in the be- 
gimiing of each annual ring — springwood — and decrease as the 
season advances — in the summerwood. It is the author*s be- 
lief that this irregularity of texture, requiring the tool to al- 
ternately cut coarse and fine layers, is resi)onsil)le to a large 
degree for the slower feed re(|uired by coarse-fil)red woods, the 
areas of more pulpy springwood allowing the higher revolution- 
ary or peripherial si)eed to be maintained. In the fine-fibred 
woods the more even texture allows a higher feed to be used. 
but the constant firmness of texture reduces the peri[)heral or 
revolutionary speed. 

The above applies only tt) the porous or so-called hardwoods 
as these are the tyiK^s most commonly used in the plaiUs where 
the author's experiments were conducted. The conifers or non- 
IK>rous woods, mostly soft, practically allow any s|>eed me- 
chanically possible Jo attain to be used. The real re(juirements 
of cutting theory of wood are practically limited to the ponais or 
hardwoods. 

To establish such fundamental methtxls a large w<«)d working 
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company, or better an association of one of the many branches 
of the woodworking industry, should appropriate a fund for 
scientific research along these lines. The investigation should be 
carried out by engineers not only experienced in the practice of 
woodworking but also who have been trained along the lines of 
scientific management and can be depended upon to carry out the 
necessary experiments upon a purely scientific non-prejudiced 
basis. Such experiments would require co-operation with the 
manufacturers of woodworking tools to determine the best types 
of steel for the various principal varieties of wood upon all 
major operations such as sawing (both cross-cutting and split- 
ting), planing, boring, turning, slotting (mortising or tenoning), 
etc. 

The proper relation between peripheral speed and feed should 
be established for each type of tool and operation on each kind 
of wood, careful consideration being given to the fundamentals 
indicated by the actual results of the experiments. A very care- 
ful study of the structure and properties of the various types of 
wood and the influence of moisture-content upon speed should 
also be made. It is the firm belief of the author that such in- 
vestigation would practically revolutionize the woodworking in- 
dustry not only from the greatly increased efficiency of cutting 
opierations developed therefrom, but also introducing a general 
appreciation of the value of standards in the conduct of the wood- 
working industry which is so sadly lacking at the present time. 
In order to bring to the attention of the woodworking executive 
who may read this chapter the value of such theory as exists at 
the present time on this subject, the following formulae are 
quoted from Pages 1463 and 1464 of Marks Mechanical Engi- 
neer's Handbook. 

Notation 

h = Thickness of cut, inches 
H = Stroke of gang saw, inches 
t = Pitch of saw teeth, inches 
5 = Thickness of blade, inches 
w = Peripheral speed of blade, feet per minute 
n = Revolutions per minute 
/ = Feed per minute, inches 
ft = Feed per stroke, inches 

Z? = Diameter of circular saw blade or band saw wheel, 
inches 
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L = Free length of gang saw blade, inches 
P = Cutting resistance, pounds 

Pitch of Teeth in Saw Blades 

For solid blades with set teeth, t^o.gjkh, and for swages 
or inserted teeth cutting their full width, t = i.^Skh. For 
band saws, fe=o.o2 to o.i; for gang saws, /? = o.o8 to 0.4; for 
circular saws, fe=o.i to 0.6. 

Speed-feed Ratios for Saws 

For maximum permissible rate of feed the following rela- 
tion holds: //M=/i///=o.oo72(/"/7t). 

For heavy circular saws for logs f/u =0.00083 to 0.000083 

For circular rip saws f/u = o . 00023 to o . 000047 

For fine-toothed circular saws f/u =0.000083 to 0.000012 

For heavy band saws for logs f/u =0.00023 to 0.000023 

For gang saws /i///=o.o3 to 0.003 

For veneer saws /i/// = o.oo2 to 0.0005 

Cutting Resistance 

The cutting resistance of a saw in pounds=P=C5/i/, m = 
Csfiy where C = 1,200,000 to 2,900,000. 

Resistance to Feeding 

For circular saws, resistance = 1. 2 5P; for gang or band 
saws, resistance =P, where P= cutting resistance, pounds. 
The force (pounds) required to feed a log to a circular saw 
(including that required to move the timber carriage and the 
log) —0.006W + 1,2 sPy where U'= weight of log, pound; for a 
band or gang saw, force = 0.006 ir+ P. 

Power Requirements of Saws 

The horsepower required by a saw=A' =A^o+A^; where 
Ao ^horsepower required to overcome the friction of the 
machine, and A^ = horsepower expended in cutting. In the 
following formulae 6= width of saw cut, inches, and /*' = area 
(length cut X thickness of lumber) cut per hour, square feet. 

For Circular Saws 

nP 2.\bbF 

A = + ^^ 

32,000 (14 to 28) 

For Band Saws 

ATo =0.3 horsepower (up to 9 horseix)wer for large log saws) : 

37+0.016(11 f) j^ f 

N\^ ; — r for pme 

10,764 
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For oak, substitute 52 for 37 and 0.0124 for o.oi. For red 
beech, substitute 62 for 37 and 0.0148 for o.oi. 

For Gang Saws 

.Vo=o.2 5 to 3 horsepower: 

-. 46 + S'7b(H f\) 

A 1 = — ; t for air-drv pine 

10,764 

According to Hermann's investigations, for gang saws with 
freshly sharpened teeth. 



,, ,,r 6+0.118/ . H \1 



where AT = i 215 for pine, i 161 for fir, and i 147 for deciduous 
trees. After z hours of operation the value of Ni should be 
multiplied by (1+0.1452—0.0052-'*). 

According to Dodge, for circular rip saws running at from 
7000 to 9000 feet per minute, horsepower (approximate) 
= 1)2/40, and for band saws running at 3500 feet per minute 
horsepower =Z)2/3oo. 



CHAPTER X 
LABOR CONTROL 

THE usual method of employing labor in a woodworking in- 
dustry is for applicants to be interviewed by the shop su- 
perintendent, or in many cases by the foremen, who hire the men 
upon personal estimate and judgment rather than upon any 
previously determined required characteristics, and sets the re- 
muneration according to some standard laid down by the man- 
agement. This, of course, is the old traditional method em- 
ployed in all businesses up to comparatively recent times. 

As soon as the standardization of the manufacturing proc- 
esses, consisting principally in motion and time study, has taken 
place, the type of operative required for the various operations is 
definitely determined and recorded, and new operatives should be 
selected to meet such requirements. Furthermore, the remunera- 
tion for each process is definitely set by such standardization. 
With these fundamentals available, the establishment of an Em- 
ployment Department is simple and the value of such division of 
function is to-day practically acce[)ted in the manufacturing 
world. 

In a small woodworking plant of one or two hundred people 
it is practically impossible to allow one individual to devote his 
entire time to tlie Employment Department, but in all plants of 
three hundred employees or more this is entirely feasible. Fur- 
thermore, in the smaller plant this function may be taken care of 
by a special individual who, however, devotes a certain percentage 
of his time, say half, to certain other duties. The function of 
the Employment Department is not only that of [)rocuring the 
help required, but is to maintain the necessary records of all 
employees, and through general oversight obtained from these 
records to bring to the attention of the management plans for 
keeping the labor overturn at a minimum and promoting satisfac- 
tion among the employees through eo-operation with the plant 
nurse. 
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In a small woodworking plant the phase of social service 
which is of course very closely allied with the employment func- 
tion, can usually be taken care of by the employment manager 
And a well-selected nurse. In any plant of over a hundred em- 
ployees the effectuality of labor can be greatly assisted by main- 
taining proper medical supervision over the employees, and in tlie 
small plant this can be best carried out by the employment of a 



REQ.U151TI0N FOR HELP 

U3E ONE SHEET FOR EACH OPERATIVE DESIRED 

OEPT. 



DAT 



PLEASE HIRE TO START WORK 
ON: 



DATE ^ HOUR 



MAN, BOY, WOMAN 



ON RATES 



SYMBOLS OF RATES 



SIGNED. 



APPROYEa 




SUPERINTENDENT 



NAME 
DEPT, 



DETACH AND FORWARD TO PAYROLL 



WILL START 



HOURLY OR WEEKLY RAT£. 



SI6NED 



EMPLOYMENT MANAGER 



Figure 102. — Form for Requisition for Help 

nurse. When possible, the nurse should also have been trained 
along social service lines in order tliat she can maintain not only 
the function of health supervision and attention to accidents, but 
also social service. In large plants, of course, a resident physi- 
cian and a bona-fide social worker will be found good investments. 

Procurement and Registration of Employees 

When a department requires additional employees a requisi- 
tion similar to that shown in Figure 102 will be made out, and 
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after its approval by the Shop Superintendent if it is for factory 
operatives, or by the Office Manager if it is for clerical employees, 
it will be forwarded to the Employment Manager. 

In the Employment Department will be maintained a complete 
card index of the general requirements for operatives for each 



Mwrwo. 



•AT10rM«TM 



CIVIL STATt 



■ATlOmUTT 



PLACt or •IRTH 



ciPtmcNct 



raoH 



TO 



OCCUMTMN MIAMN fO* LIAVIN« WMCS 



FiGi-RE 103. — Form to be Filled in by Applicant for Work 



Date 

I agrM to |iv« the IHI^^H^HB Compuiy nt Icmi one week's 
leaving their employment, or forfnt all nwney due to me 
fcr wages upon bilure to give aoch notice. 

Signature of Applicant 

Date of Bmployment 

...... ............ — — ........ Foreman 



Figure 103 — Continued.— Reverse of Form for Application for Work 



|K>sition connected with the business. These requirements are 
not necessarily strict, but are the general influencing character- 
istics required for an individual to satisfactorily fill the various 
positions. For instance, for a lumber handler in the lumber 
yard these requirements would probably be for a man not less 
than 5 feet 10 inches in hciglit, weighing not less than 170 
pounds, and of the physical rather than the mental type, who 
could make simple additions, subtractions and notations on the 
yard records; while for a billing clerk in the office, tlie charac- 



teristics required would be for a woman of the nervous energetic 
type not over a certain age who has had experience in operating 
a certain billing machine. In other words, the file of require- 




ments should show the Employment Manager just the type of 
person he has to obtain for each position. His function is then 
to obtain individuals as near these requirements as possible. 
The first function of employment is the tilling out of the 



application shown in Figure 103 by the appHcant. In many con- 
cerns it is the practice to have the applicant fill out a very com- 
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Figure 105.— Form for Clinical Record of Employee 

plete application form, but in the small woodworking plant this 
is not deemed essential as the complete details regarding the op- 




erative are obtained later. After the applicants have filled out 
an application blank, they will be sent to the nurse, where the 



2o6 



form shown in Figure 104 is filled out. This form is printed 
(/n fairly heavy cardboard, the clinical record being continued on 
the Ijack of the form as shcjwn in Figure 105. The upper part 
of the form covering the previous health record of the emplo^'^ee 
is als^> printed on thin paper. The thin-paper form is made out 
<luring the examination with a carbon between in order that an 
exact duplicate is shown on the cardlx>ard record. 

In a small plant such an examination is usually made by 
means of conversation between the nurse and the applicant, 
while in larger plants it is possible to have an actual examination 
made by a physician. The paper original of the examination is 




Figure 107. — Form for Record for Service 
Investigation by Nurse 



then given to the applicant to take back to the Employment De- 
partnient, where, if the applicant's examination is satisfactory, 
Ihc (lata will be copied on to the upper half of a form similar 
lo P'igitrc !()(;, which is the Employment Department's record of 
the applicant, and the lower half of this form filled out. The 
back of the lunploynient Department record is shown in Figure 
105. It will 1)0 noted that space is provided for a graph at the 
lop of the back of this form, and at the bottom columns are pro- 
vided for showing the earnings and average efficiency of the 
operative. Ki\c\\ week the workmen's records shown previously 
in l^'igitro (>i are sent to the Employment Department, and the 
efticiency and earnings of each operative recorded and plotted. 
In this manner the iMiiployment Manager can watch the progress 
of each indiviilual, and as soon as an operative's efficiency or 
earnings begin to decrease, the Employment Manager notifies 
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the Shop Superintendent and Planning Chief in order that a 
remedy may be applied before the employee becomes dissatisfied. 
The result of such control of the employees is that dissatisfaction 
rarely arises as the management is given an opportunity to cor- 
rect any cause of dissatisfaction before it becomes serious. 

Any employees absent are investigated by the nurse, she 
calling at their homes and making out a service investigation 
form as shown in Figure 107. When hospital treatment or den- 
tal treatment are necessary, she arranges for this after con- 
sultation with the Employment Manager or in very serious cases, 
after consultation with the General Manager. In other words, 
it is her duty to do everything in her ix)wer to maintain the health 
of each and every employee as well as assisting in maintaining 
their satisfaction as outlined below. 

The nurse is constantly in touch with the physical condition 
of the employee, maintaining the clinical record shown in Figure 
105. Each day the nurse makes out the report shown in Figure 
108 which is forwarded to the Employment Manager in order 
that the health of the various employees constantly receives his 
attention. This report is summarized on another similar report 
monthly, serving as a permanent record. 

In addition to this supervision of the earnings and health of 
the employees, as soon as any operatives indicate to their fore- 
men that they desire to leave their employment, the foreman 
makes out a service investigation card similar to that shown in 
Form 107, and forwards it to the Employment Manager. If he 
can satisfy the employee he does so, making a record of the trans- 
action, but if the operative has already left, he or the nurse calls 
at the home of the operative to investigate the case and to en- 
deavor to get the employee back to work. A record of such in- 
vestigation is made on the service investigation card by 
the Employment Manager or nurse, together with sug- 
gestions as to future procedure under the ,title Procedure 
of Follow-Up. These service investigation cards are then re- 
turned to the Employment Department where a weekly sheet 
shown in Figures 109 and no is made out. As noted in Fig- 
ure 109, the employees leaving are summarized according to 
nationality, other employment to which they are going, and mis- 
cellaneous reasons. The employees entering are summarized ac- 
cording by practically the same reasons. 

On the reverse side of this form shown in Figure no a com- 
plete summary of labor conditions is given, together with a 
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resume of the service investigation made on these cases. This 
report, together with the nurse's reports, hould be weekly given 
ver\' careful scrutiny by the General Manager in order that the 
labor overturn may be reduced to a minimum. 

Various other details such as the transfer of employees from 
department to department, method of discharge, adjustments 
of wages, etc., might be described and the forms shown, but it is 
believed that while these are necessary mechanisms they do not 
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Figure no. — Continuation of Form for Employment Department's 

Weekly Report 

affect the general principles which we are trying to develop 
herewith, sufficientlv to l>e shown. 



Time Stldv 

In the art of installing scientific management, no principle is 
so basic as that of fairness. In fact, it is the only factor that 
can never be deviated from if vou are to be successful. The first 
requisite for fairness is knowledge. Ignorance always leads to 
unfairness. Time study gives us knowledge of the necessary 
time clement and is, therefore, a fundamental factor in the art of 
securing a fair remuneration for the workmen. As the method 
of remuneration is often the principal influencing factor in the 
successful installation of scientific management, we realize that 
time study is one of the fundamentals of the science, or rather 
of the art of installing the .*^cience. 

F'urthermore, in order to obtain maxinuim production in any 
industrial plant, it is necessary that work he planned for the va- 
rious operations in advance. It is self-evident that t<» plan work 
in advance, accurate knowledge nuist be at hand as to the time 
required for each step in the mainifacture of tiie i)roduct. Time 
study is the means by which this time element is obtained. 
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History of Time Study 

Timing of manufacturing operations in the form of rude 
time studies has existed for several hundred years. In a Manor 
Audit of Cuxton Manor, made in England in 1540, the author 
has found a record of a piece rate for the sawing of logs into 
boards, and a statement as to the approximate number of hun- 
dred feet which should be accomplished by two men in one day. 
We, therefore, see that as early as the sixteenth century the 
time element was given consideration. 

Charles Babbage in his Economy of Machinery and Manu- 
facture, published in 1832, gives the results of an operational 
time study of pin making in France in 1760, quoting observa- 
tions made by M. Perronet. Babbage compares these times with 
those for similar oi)erations in England in 1830. The eminent 
French Physicist, M. Coulomb, who died in 1806, has written 
regarding time study, as have also several of his contemporaries 
of that period. M. Coulomb, however, had very little under- 
standing of real scientific time study as he specifically recom- 
mends that observations should l>e made without the knowledge 
of the workmen. This is an improper method of making time 
studies and, therefore, showed that he did not have extensive 
experience regarding them. 

Operations to Be Time Studied 

The first factor for consideration in time study is whether its 
application is a profitable investment if applied to the operation 
under question. The volume of production handled by the op- 
eration is the common guide. However, a few seldom used op- 
erations should sometimes be time studied in order to provide 
standards for the planning department to enable the planning of 
subsc(|uent oi>erations or to guarantee standard conditions for 
these subsequent operations. In general, a study of the economic 
feasibility of a timing should be made before any direct study 
is made. 

Kinds of Time Study 

The two principal kinds of time study are total or over-all 

and unit time studies. The total, or over-all time study, simply 

observes the time required for accomplishing several units of 

\ then the division of this time by the number of units pro- 
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duced, giving as a result the average time per unit. This method 
is very crude, and often is more misleading than entire absence of 
time knowledge. One class of work, however, upon which it can 
be used advantageously is upon automatic machinery having a 
constant production; or, in other words, upon purely automatic 
operations into which the human factor does not intrude. 

The unit time study subdivides these major operations into 
minor operations and, again, re-subdivides these minor opera- 
tions into their details, until the entire operation is resolved into 
individual motions. The time observations are made upon either 
these unit motions or upon small groups of them if the individuals 
are too small to be observed. In general, no time should be 
observed which is under 0.02 minute or over o. 10 minute in 
duration. The reasons for these times are that it is practically 
impossible for any person to observe a motion, read the stop 
watch and properly record the time in less than 0.02 minute. 
Over o.io minute for a motion usuallv indicates that further 
subdivision is possible. 

The imit time study is applicable to practically every type of 
operation, and the author believes it a profitable investment to 
apply it in every instance, with the exception of purely automatic 
machinery of the type as mentioned alK)ve, into which the per- 
sonal element does not enter. 



Methods of Time Study 

The total, or over-all, time study is so simple that it is un- 
necessary to describe the method of making it in detail. It con- 
sists simply in starting a stop watch at a certain time and run- 
ning it while the product is being recorded. 

The method of making the unit time study, however, will be 
described in detail. There are two main subdivisions of this 
method; the first is observation and deduction and the second 
deduction and observation. 

The observation and deduction method may be applied in 
three ways; first, personal observation the timing being done 
with one watch; second, personal observation the timing being 
done with two watches; third, observation by means of the 
photoscope or moving picture machine. 

In general, observation and deduction collects all the data 
from the operation in the condition which the operation is found, 
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and then by deduction from these observations outlines the new 
niethrnl and times rec|uired. 

When the obser\-ations are made ixrrsonally and timed with 
one watch, the operation is first observed and the unit motions 
identified. The watch is then started and the time recorded for 
the performing of each unit operation and the time noted for 
all rests and delays. The watch is nm continuously during the 
observation and ever}' hundredth of a minute apportioned to 
either a unit motion or to delay. The observer then studies his 
data, classifies them, and eliminates the motions and the corre- 
sponding times which he considers unnecessary', and finally works 
out a task in the usual manner, wliich are described on page 2 1 5. 

When personal obsenation takes place, the timing being done 
with two watches, the obsenation is usuallv made bv two ob- 
ser\'ers, each running a stop watch. One observes productive 
time and the other non-productive or delayed time. They ob- 
serve the motions bv units in the same manner as when one watch 
is used, and the task is created bv deduction in the same manner. 

The use of a photoscope or moving-picture machine, while 
applicable in larger industries, is somewhat far advanced for use 
in an industry as traditional as woodworking. It unquestionably 
records time better than personal observation can, but there 
seems to be a tendency in its use to make observations in too 
automatic a manner, losing sight of the personal or human ele- 
ments. Except where a very high type of operative is encoun- 
tered, which is not the case in woodworking, workmen often 
object to its use. Therefore, in connection with woodworking, 
this method of observation has not seemed applicable to the 
author. 

Method of Deduction and Observation 

Deduction and observation, the method which the author and 
his associates use, consists in first making a careful study of in- 
fluencing conditions. These are corrected and regulated before 
any further progress is made. Next, the method of supply and 
removal of product and all influencing conditions are standard- 
ized and guaranteed. A careful motion study is then made of 
the operation and the proper motions determined for future per- 
formance of the operation. 

After the standard motions have been determined, the en- 
gineer who is to make the time study teaches them to a work- 
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man, who has been carefully selected as a man to whom bonus 
incenti\e will appeal and who has the necessary physical and 
metal assets and who has considerable influence among his fel- 
low workmen. Before any observations are made he is per- 
fected in the performance of the operation in the manner pre- 
scribed. The observation is then made by means of the stop 
watch, studying unit motions, and recorded on some standard 
form of data sheet 

In Figure r 1 1 an actual observation sheet on woodworking 
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operation is shown. The observer lists operations in the column 
headed Detailed Operation, and indicates the readings of the stop 
watch in the columns headed R, then by deducting each reading 
from the succeeding one the time of the operation is found and 
is entered in column T. Any delays coming up should be n<)ted 
in the column headed Delays, together with the time that was 
taken out. As many such obser\ation sheets should be made on 
each operation as feasible. Where the times for the various 
operations are found to run fairly uniform a smaller number of 
observations can be used than when the times are very varied, as 
this latter condition is more hard to summarize, and hence more 
time and material must be used. 
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Human Element 



The foregoing brief description of method is misleading if it 
is assumed that time study can be made in such a cold matter 
of fact fashion as outlined. There enters into the actual time 
study, from the first observation of the old method to the final 
installation of the new task, the human element. The first phase 
of this requires that the workman be convinced of the fairness of 
the study. As mentioned before, the first requisite of fairness 
is knowledge. Therefore, the reason -for making it, the method, 
and the final result of the time study must be carefully explained 
to the workman. He must be convinced that the proposition is 
to be carried out solely for the benefit of himself and his em- 
ployer, that the observer believes thoroughly that to obtain valu- 
able results, mutual gain must accrue from all such work to both 
the workman and his employer, that neither can be neglected 
if the other is to actually profit in the end. 

This explanation of the purpose, method, and result of tlie 
time study, if properly made, will gain co-operation of the work- 
man. 

In addition, however, what we call time intuition is necessary 
on the part of the observer, for no matter how convinced one is 
of the co-operation of the workman, he must constantly guard 
against any attempt by the workman to mislead him as to time 
required or to himself incorrectly gauge the time observed. It 
is impossible to record observation in such a manner that a sec- 
ond party can definitely create a task from it. The observer 
must be able in the creation of the task which will be outlined 
later to know just which unit motions should be given a little 
more leeway and which ones should be tightened up. The work- 
man is probably not entirely perfect in the new method or cer- 
tain conditions may not be normal and therefore, the observer 
must gauge the relation between the present time of operation 
and the probably future time. This is where the human element 
of the observer enters in. 

This question of human element is the greatest and most un- 
controllable one that enters into time study. The author has read 
articles wherein time study was described as a purely mathe- 
matical proposition. Some of these articles were written by men 
eminent in the profession, but they were written either with the 
purpose of giving false assurance as to the simplicity of making 
time studies, or the men writing them had grown so far away 
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from actual time study that they had lost sight of this very 
important phase. Just as the real fundamental purpose of sci- 
entific management is, after cutting away everything else, meth- 
ods, theories and practice, to establish the proper co-opertive re- 
lation between the employer and the employee, so in time study 
is it absolutely essential for the observer to so control the human 
element that he gains not only tlie co-operation of the workman, 
but also controls his own personal influence upon the study. 

Working Up the Task 

After making the time study by any of the above methods, it 
is next necessary to create the task. Up to this point, the work 
has been analytical. It is now necessary to synthesize the data 
so obtained into a task. The first phase of this synthesis is to 
carefully detail the standard conditions under which the opera- 
tion is to be performed. These nuist define positively the method 
of supply, removal of- material, equipment, tools, product to be 
worked upon, quality of product re(juired, divisions of the task 
for each type of pnxluct, and carefully describe all influencing 
conditions, such as light, power, ventilation, etc. The actual 
performance of the operation, motion by motion, is then de- 
scribed, and to each motion is assigned the proj^r unit of time. 
This unit of time is determined by analysis of the summary of 
the time study. The summary of the time study is made by 
listing under each unit motion a table of the times in which this 
unit w-as performed during the observation. Such a summary 
of unit times is shown in Figure 112. The observer must select 
from these various times the proper one for each motion. This 
is done by inspection, largely influenced by the before mentioned 
time intuition. A rule for this has been evolved which is as fol- 
lows: Eliminate all odd times, such as times which are evidentlv 
far below or far alxne normal. Then determine the average 
time and select a time half way between the mininnun time ob- 
served and the average time. This, however, the author has 
found does not work in a large number of cases. If the op 
crative is working in an excellent manner, without any evidence 
of soldiering, and if all influencing conditions are perfect, this 
rule will not apply because the mininnun time observed will then 
be the proper time, while if soldiering is taking place, the average 
time will be far al>ove normal. Accc^rdingly, the rule which the 
author uses for selecting the proper time is to take the time near- 
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est tile minimum observation which the observer believes to Ik 
fair. It will be seen that this is injecting the human element 
tremendously and eliminating the mathematical. This is grant^^, 
for, as it has been mentioned above, time study must consider tlie 
human clement and must be influenced by the human element, 
for the reason that it is observing the action of a human bei ng 
controlled by a human mind, rather than a machine. That tliis 
introduction of the human element d«jes not mislead us, if proi'p- 
erly applied, is pri>ved by the fact that several thousand ra_ *es 




set during the last seven years, under the author's supervision, 
with the e.NCepticm ()f less than a small fraction of one per cent, 
have worked satisfattority and are still working to-day, ami have 
resulted in very material reductions in labor cost. 

The mere selection of the individual times is not the com- 
plete task. These times must be joined by substitution in an 
crpiation in order ti> fjive the task a simple mathematical solution. 
I'or instance, if a motion occurs once, it is self-evident that this 
unit of time is included in the e(|uation but once. If the motion 
happens but <uKe per hundred units of product but one hundredth 
of this unit must enter into the equation, white a motion occurr- 
7 three times per unit of product must enter into the equation 



tliree times. Then with the solution of this equation giving the 
total actual time for performing a unit or a definite number of 
units of work at hand, we must next make the necessary allow- 
a^nces for rest to overcome fatigue. 

Allowances is a subject in itself. The setting of these allow- 
ances requires intricate, careful observation and deduction. The 
subject of time allowances has been very carefully developed by 
Messrs. Carl Barth and Dwight C. Merrick, and it is therefore 
unnecessary for the author to cover it at this time. 

This knowledge is classified in such a manner that, knowing 
the type of operation and product the proper percentage allow- 
ance for fatigue can be applied directly. Regarding necessary 
delays, it is the author's practice to allow at least lo per cent and 
often 25 per cent additional time for the occurrence of things be- 
yond the control of the workman or the planning department. 
With the addition of these percentages for delays and fatigue, 
the final task is obtained. 

Regarding fatigue, it might be well to remark that it is often 
necessary to provide definite rest periods of certain duration at 
certain intervals during the day, rather than a percentage. This 
is very necessary when work requires extreme physical strain 
or fatiguing mental application. 

It is also necessary to include in the task a description of the 
manner in which cost and production data for the operation are to 
be obtained. 

Collection of Production Data 

This collection of production pay basis and cost data should 
be carried out by automatic devices whenever possible. Their 
design calls for the greatest ingenuity as they must be not only 
fool-proof and accurate, but must not be susceptible to increase 
in readings by artificial means. Often a carefully worked out 
ecjuitable basis of payment must be abandoned either because 
the data cannot be collected economically or because the only 
possible collection method could be readily tampered with by the 
operative. 

To summarize, the basis of production data and payment 
must satisfy the following conditions : 

a Pay the workman in preportion to his effort 

b Absorb cost satisfactorilv 

c Provide incentive to workman to maintain quality 
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COMFA2ISOX OF CoST 

It 15 also an invaluable policy to ^ore the old cost of an 
optthivm and the cost of the opeTaii»>n performed under the 
created tai^k, tearing the resultant saving. Especially to an in- 
experienced time-study man is this phase \'aluable. because he 
will v/metimes find that his evolved meth«:id will ct^st more than 
the old method. This is not necessarily a criticism of his rate, 
however, as the old meth«xl may have resulted in poor quality of 
prrxluct or over-strain of operati\'e, both of which in the end arc 
unec<^/n^/mical. 

IXSTAIXATIOX 

The actual installation of the task requires still more appli- 
cation of the human element. It is absolutely necessary- that the 
time-study man or obser\'er should be able to demonstrate, if 
necessary, the feasibility of his task. No man is fitted for an 
observer who has not had sufficient manual and machine ex- 
jxrriencc to be able after the careful obser\-ation of an operation 
to jK-rform it himself in the manner in which he believes it should 
l>e carried out and at a reasonable rate of speed. Actual demon- 
stration of the practicability of the rate is often the only way 
in which the co-operation of the workman can be obtained. The 
installation should also be accomplished by over-all time study 
recording the definite performance of the task within a stated 
time, such as shown in Figure 113. This record should be taken 
fr^r at least one complete day and in all cases until the operative 
readies at least 80 per cent efficiency and dated and signed by the 
observer, slunving that the workman has actually been taught 
to jKTform the operation within the time prescribed and has done 
sfi wilfi a satisfactory result. It often occurs that conditions gov- 
erfiing an operation are changed after the time-study man has 
left the operation, resulting in failure of the operative to perform 
his task. A dated and signed statement, showing that a certain 
man has actually performed the operation at specified time will 
often force the management to recognize the practicability of the 
rate and reinstate standard conditions. 



Basic-Time Studies 

If it were necessary to motion and time study the handling 
of each item of product on every operation the cost of such 
investigation would be far greater than the results would war- 
rant. In fact, in a small woodworking plant such exhaustive 
studies would cost more than the business could possibly afford, 
and also as soon as the product changed would be valueless. 
Therefore, whenever possible, basic rates should be evolved. By 
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FiGUBB 113. — Specimen Overall Time Study of Aclual rcrformaiicc 

this term is meant the careful exhaustive time study of an op- 
eration considering the general types of product handled and the 
evolution of a formula rate of such character that, knowing the 
physical characteristics of a unit of prcKhict a simple substi- 
tution of these simple characteristics within the formula will 
ffive the required tax. If time study is carried out with the 
Pmyjose of formulating such rates, it can Iw accomplislied for a 
'^^ry reasonable expenditure and is then available for all time, 
"o /natter how the product may change. Numerous illustrations 
"/^Basic-time study were ^ven in the rates outlined in the cliap- 
^ <::>*» shop practice, particularly those covering the operation 
j/^./^^ endless belt sander ami the illustration of linisliing by 
'^.**»«- the product in tanks. 



BiGELOw Bonus Plan 



The method of wage payment to be used in a woodworking 
{riant depends as in any other industry entirely upcm local con- 
ditions. No one definite plan of wage payment will fit several 
plants no matter how similar their product and general equip- 
ment may be. The local labor conditions and the personnel of 
the labor and the management influence this ver\' decidedly. 
However, an adaptation of the Emerson efficienc}.' plan has been 
used by the author with considerable success in several wood- 
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working plants. It has also been found necessary to use simple 
piece rates in some instances, while the Gantt bonus plan has also 
worked effectively in others, but the adaptation of the Emerson 
plan outlined below has been found particularly useful to the 
author, inasnuich as it not only forms an equitable basis of pay- 
ment but that it also allows relative efficiencies of employees 
and the entire payroll to be easily ascertained in terms of simple 
percentages. In Figure 114 the Emerson bonus curve is shown, 
starting with zero at 67 per cent and increasing to 20 per cent at 
KX) per cent efficiency. 

Ill 1^'igure 115 Mr. C. E. Knoeppefs modification of this 

♦hod is shown, whereby increased incentive was given the 

•^ive by a jump of five per cent at one hundred per cent 



efficiency. The author believes that Mr. Knoeppel's modifica- 
tion was a valuable one, but that the point of application of the 
increased percentage was not as effective as if it had been given 
the worker sooner. 

Several years' experience with the Gantt Iwmtis plan dem- 
onstrated that the comparatively large reward for a compara- 
tively reasonable increase in effort gained the confidence of the 
operatives in the method very quickly. Therefore, the author 
devised the curve shown in Figure ii6, with this in mind. Up 
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to 70 per cent efficiency the operative is paid what is called a 
labor rate^— that is, the fair competitive wage rate for the lo- 
cality in which the installation is made. Upon attaining 70 per 
cent efficiency, which in the woodworking industry recjuires con- 
siderable effort inasnmcli as the average ojwration is rarely more 
than 50 per cent efficient, the operative is paid a comparatively 
large increase which is called the base rate. Thi.s ttase rate is 10 
per cent in excess of the labor rate. 

Banning with 70 per cent, a percentage of bonus is paid over 
and above this base nite, increasing according to Table 10 to 25 
per cent at 100 i>cr cent efiiciency. 

Tliis pn)vides fur an incrcast- in pay of 37-5 |>cr cent to he 
attained for reaching an cfficicmy of i(X> jier cent which, es- 
pecially within the last two or three years, has iK'cn essential t<> 
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obtain the required increase in production in tlie woodworking 
industry, inasmuch as the previous productions have been so low 
due to the inefficiency of equipment, operation and general con- 
trol. In Figure 117 is shown the effect of the utilization of this 
bonus plan assuming operatives to be at 40, 50, or 60 per cent 
efficient. 

At first examination it might be said that the increase in pro- 
duction was not sufficiently remunerated by the comparatively 
small increase in remuneration. However, it should be borne in 
mind that in no case does the operative work proportionately 
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harder to his previous efforts as the production would indicate. 
This increased production is largely attained not through in- 
creased effort on the part of the operator, but through the ap- 
plication of his efforts properly, and by improvements in ma- 
chinery, conveying devices, and in the promptness with which 
work is delivered to him and removed. As a matter of fact, in 
a large number of operations, the operator is required to exert 
considerable less effort. A good illustration of this will be found 
by referring to the chapter on shop practice in which the changes 
in the cutting-off operation were detailed, demonstrating that 
while the production increased several times, the operative was 
required to do far less physical labor. 
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Table io — Bonus Rates for Various Per Cent Efficiencies 

Per Cent 
Below 70 Labor Rate — 

70 Base Rate — (Labor Rate-f lo*^^^) 

71 '* -f o.3<:c Bonus 

72 '' " 0.7 

73 ** " I.I 

74 " '' 1.5 

75 20 

76 2.5 

77 " " 30 

78 '• " 3.6 

79 " " 43 

80 " " 5,0 

81 " " 5-7 

82 •' "6.4 

83 7.2 

84 •• '* 8.1 

85 •' '' 9.0 

86 •* "99 

87 ** '* 10.9 

88 " *' 12. 1 

89 '' '' 13.4 

90 15 o 

91 16.0 

92 " ** 17.0 

93 " '* 18.0 

94 ** " 19.0 

95 " " 20.0 

96 •• ''21.0 

97 *' ** 22.0 

98 *' *' 23.0 

99 *' '* 24.0 
100 *• " 2S.O 
loi '* '* 26.0 

102 *• " 27.0 

103 •' ** 28.0 

104 *• ** 29.0 

105 •* '* 300 
Etc. 



Over Bonus to Be Paid in Connection With Piece Work 

Occasionally, piece rates are found in a plant, and we con- 
sider it advisable to change from this method of remuneration. 
The general procedure in this case is by motion and time study to 
readjust the piece rates, establishing them upon an equitable 
basis. While this requires considerable tact, it is iK)ssible by 
very careful study and demonstration, and by the introduction of 
the necessary mechanical devices, to change the piece rates with- 
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FiijCKK 117. kcsulti of Applicalion of Bonus Plan 
It i^ liasi-d on the following principles: 

1 A certain standard of production before the workman 

receives any bonus. This standard should represent 
tlic average production of a giK)d workman, under 
Hlfindardized con<litions 

2 Straight piece rate earnings up to and including the 

standard 

3 l'"or each cent that the workman cams per hour on his 

piece rale, above the standard, he is to receive one- 
half of one |>cr cent of the value of his wages as a 
bonus. 

lixtuuplc. .^ss^1me the piece rate on a certain job is 2 cents 
|)iT piice ami the average earnings on this class of work or 
standard is 40 cents per iinur. Up to and including 20 pieces 
per htnir, the workman will receive 2 cents per piece. If the 
vviirkmati exerts an extra effort and turns out 30 pieces per 
linur, he will receive liis regular piece rate, which would be, 
,lo X 2 cents - (lO cents per liour. In addition to his regular 
piccc-work rate, he will receive one-half of one per cent of the 
total vahic of his earnings, for each cent that he exceeds 40 
''ents per hour. The bonus will be: 
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6o — 40 = 20 

20 -^ 2 :^^ 10 per cent 

60 X 10 per cent =^ 6 cents l^onus per hour. 
This plan is flexible and may be made to suit any case with- 
out change in the principles upon which it is based. The point at 
which bonus begins to be paid, may be set at any desired produc- 
tion and the per cent bonus paid for increased earning above 
this point, may be any per cent which would l)est meet the re- 
quirements necessary to maxinuim production. This, of course, 
is governed entirely by the conditions under which the bonus 
system is installed. In a place where the overhead expense is 
high, the management can afford to pay a high percentage bonus 
for increased earnings. This also holds true if the piece rates 
are considered low. If on the other hand, the piece rates are 
high and the overhead small, the concern cannot afford to i)ay 
so high a l)onus and the percentage bonus for increased earnings 
can be made less. 

This form of bonus should especially appeal to comerns wIk) 
are paying their employees on a piece work basis and are inter- 
ested in securing maxinuim i)roductiou. without changing the 
entire wage plan to a time-bomis method. It should also ai)pcal 
to the better class of workmen, as it not only gives them a 
chance to increase their earnings, but the plan has l)een so de- 
vised that the bonus per cent increases in proportion to the in- 
crease in energy recpiired U> reach high jxiints of production. 
Every worker is paid according to his production ability. There 
is the same reward held out under this method that there is 
under Taylor differential system, but the principal objection has 
l>een eliminated, that of penalizing the slightly less capable 
worker for not reaching the maximum point of production. 

BoNrs l>Asi:i) Upon Saving in Waste 

In Figure 1 17-A is shown a chart of a bonus ])lan based upon 
pnxluction and waste saving combined. It is figured by nuilli- 
plying the number of thousand lineal feet run expressed in dol- 
lars by the Percentage Factors under Pay. Vor example, 43,000 
lineal feet produced with 8 i)er cent waste would be i i)er cent 
$45.00 = $0.45 bonus for the day. 

Gkneual 
The spirit of co-operation and contentment among the work- 
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men of an industry is the most valuable asset it can have, both 
from the manufacturing and financial standpoints as well as 
from the humanitarian. 

To obtain such a spirit fairness and honesty in all dealings 
with the employees are prime factors. As stated above, the basis 
of fairness is knowledge, therefore all policies and procedures 
must be based upon carefully determined facts, and applied witli 
tact, sympathy and kindness. 

Time and motion study are of great value in furnishing such 
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facts, if properly applied and utilized, and the correct devise- 
inent of the wage-payment method, supi>orted and tactfully en- 
forced through the application of employment control and social 
service a.s outlined above will bring this spirit out and foster it. 

Close personal contact between management and operatives 
is also invaluable. While tlie author does not believe that this 
personal contact alone will solve all labor problems as is be- 
ing represented by some authorities to-day, it certainly is helping 
to do so. Coupled with adequate mechanism, such as the gen- 
eral Ubor control outlined in the previous pages, it grounds the 
-nlidly. 



CHAPTER XI 
TOOL AND FIXTURE CONTROL 

IN the majority of furniture factories and many other branches 
of the woodworking industry in place of working from draw- 
ings, blueprints or standardized tools and fixtures, the practice 
is to depend for duplication of the product uix)n sample parts 
known as patterns. These patterns consist usually of the first 
part made, although in some instances they are reinforced with 
metal in order to extend their life. The usual custom is to hang 
these, together with jigs and other fixtures, on nails driven into 
posts, walls, or along the beams of the ceiling until they are 
again wanted. Often, in fact usually, they bear no designating 
marks aside occasionally from a notation made on them of the 
number of the unit of product into which the particular part like 
the pattern goes. Furthermore, as a unit of product dies out, 
the various patterns and fixtures are not removed, but are al- 
lowed to remain for years on the nail on which they were last 
hung. One of the most amusing things to be seen about many 
woodworking plants is the attempt to locate a missing pattern 
and after it is finally found to see the various maneuvers gone 
through to remove a pattern from its point of suspension on a 
ceiling beam. 

The tools used in woodworking are few in comparison to 
the quantity used in metalworking. Very seldom is any at- 
tempt made toward their standardization or control, and they 
are usually found in cupboards, workmen's bench drawers, or in 
other more or less obscure places. The grinding of tools is left 
entirely to the workmen using them and practically no attention 
is paid toward securing the best adapted tools for each particular 
job. Nor, as mentioned in the section on the cutting of wood, 
practically no investigations have been made for securing the 
best types of tool steel for use in connection witli wood. Like 
patterns, the tools are practically never symbolized. 
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Symbolization of Patterns, Fixtures and Tools 

The first step in standardizing the fixtures and tools is to get 
them all together and by consultation with the shop superin- 
tendent, foremen, and in some cases with old operatives who 
have worked for a long time on certain operations, to eliminate 
all obsolete items. No attempt should be made to handle all the 
tools and fixtures at one time, but preferably by operations, in 
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FiGiRE ii8. — Special Storage Rack for PaUerns 

order not to disturb too many items at one time. After the fix- 
tures under actual use for a certain operation have been sep- 
arated, these should be symbolized with the operation number 
followed by the part symbol for which they are used. This ap- 
plies to both patterns and jigs or fixtures. For example, sup- 
posing that the shaping operation is operation Number 23 in se- 
quence as described in the previous section on the en-routing of 
the plant, and that a certain shaping jig is used on square front 
post PFX6; tlie symbol for this jig will be 23-PFX6. A very 
good way for indicating the symbol on the patterns or jigs, 
which are usually made of wood, is to paint a white spot in a 
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prominent place on the fixture and then stencil the symbol onto 
this space in black. After the stenciling is dry, cover the entire 
white spot with a heavy coat of varnish. This will make an 
easily seen hard-wearing notation. 

All special tools such as back knife lathe knives should be 
symbolized similarly, but bits can be classified according to their 
diameters and type, and small cutters and chuck heads either by 
size or by number. Numbers should be applied to steel tools by 
the means of stamping with steel dies when possible or. when the 
steel is too hard, they should be etched in acid. 

Storage of Patterns, Fixtures and Tools 

In convenient spots about the shop, tool and pattern cribs 
should be erected and enclosed with wire netting and sheathing. 
The tools can be best handled in small steel tool racks or draw- 
ers which can be bought for this purpose, but for the storage of 
patterns and fixtures, special racks should be constructed simi- 
larly to that shown in Figure 1 18. Woodworking fixtures are so 
large and are so constantly changing, and the new patterns often 
of such an entirely new size that a very flexible method of stor- 
age must be provided. By a simple re-arranging of the cleats 
separating the various fixtures on the shelves of the rack, an en- 
tire rack of this type can be easily re-arranged. As shown in the 
figure each side of each rack should be given a designating sym- 
bol such as a numeral and the various floors or shelves given a 
designating letter, beginning with the lowest. Then tlie indi- 
vidual spaces on each shelf can be given a designating numeral 
beginning at an end. Thus 2A2 would designate rack No. 2, 
first shelf from the bottom second space from tlie end. This pro- 
vides a designating nomenclature automatically locating the de- 
sired fixture and also, inasmuch as the fixtures are of various 
widths, allows the individual numbers to be very flexibly applied, 
allowing the entire space in the rack to be filled, which would be 
impossible if the individual numbers on the shelves were as- 
signed to similarly sized spaces. 

Fixture Records 

As soon as the fixtures and tools have been properly stored 
and locations assigned to each, fixture data cards similar to 
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Vi(,i Wf, 1 20. — Location Card for Fixtures and Tools 

Next, fixtnrc kxratirm cards such as shown in Figure 120 shotdd 
tie ma/lc otit and filerl bj' operation numbers and part symbok in 
^ifder that having a given part on a given operation it may be 
eajiily determined what fixtures are used on this operation as 
well as the Irnration of these fixtures. 

O^NTkOL OF Pattern and Tool Crib 

When tiie patterns and tools have all been collected, ^m- 
^ttored, and recorded as indicated above, the tool cribs 
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should be locked and put in charge of the machine setters for the 
sections of the shop in which they are located. In the crib should 
be located small grinders, and when necessary a small repair 
bench, in order that each fixture or tool may be put into the best 
possible condition when it is brought back into the crib, and not 
allowed to remain broken or dull until next wanted. This work 
is done by the machine setter in charge of the crib. 

The issuance of fixtures or tools from the pattern room may 
be put in direct charge of the machine setters, they issuing the 
necessar>' tools and fixtures against brass tool checks presented 
by the workmen or in larger, more completely organized fac- 
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FiGrRF. 121. — Form for Machine ScUer's Notice 

tories, can be controlled by means of the form shown in Figure 

121. 

This form is to be made out by the Order Clerk in the Plan- 
ning Department as soon as an order is written and is sent to 
the proper machine setter who will check in the check column all 
items available for use. When any fixture or tool called for on 
this form is not available, the machine setter will put it into 
condition or obtain it if possible within a short period of time. 
If, however, he cannot get it ready before the time designated 
at the top of the form on which it is due, he will return it to the 
Schedule Clerk in the Planning Department with a notation to 
that effect with reasons, on the back of the form, in order that 
the work will not be scheduled until the tool or fixture is avail- 
able. 

If all the tools or fixtures are available he will check off all 
items and return to the Schedule Clerk in the Planning Depart- 
ment who will attach it to the proper order. When an order is 
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scheduled the machine setter's notice is attached to the produc- 
tion order tag (Figure 48), which is forwarded to the fore- 
man as previously described. When the foreman issues the order 
to an operative he gives the machine setter's notice (Figure 121 ) 
to the machine setter in order that he will set-up the proper tools 
and fixtures for the operation. However, except in very large 
plants the author has found that the most practical method for 
controlling tools and fixtures in woodworking plants is to have 
the machine setter simply issue them on brass checks as referred 
to above, making, of course, all difficult set-ups for the operative. 
The economy resulting from such a control of tools and pat- 
terns cannot be tangibly estimated, but the saving in lost time to 
workmen waiting for tools and fixtures and in the prevention of 
spoiled work through improperly ground or repaired fixtures is 
very appreciable. 



CHAPTER XII 



REPAIR CONTROL 



IN very few woodworking plants is there ever found a master 
mechanic, practically never a chief engineer. Repairs of any 
magnitude are sent out to job shops and the smaller repairs and 
installation of job work is taken care of by a millwright with an 
assistant or two. In other words, repairs are practically un- 
checked and uncontrolled and due to the necessity for holding 
repairs at a minimum in many shops in the past, the only re- 
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Figure 122. — Form for Machine Record 

pairs made are to take care of actual breakdowns. In this in- 
dustry, as in most others, in order to economically maintain the 
equipment, planned or premeditated repairs are essential. As 
outlined in Chapter II on organization, the millwrights should be 
tinder control of a chief engineer, or at least, a master mechanic. 



Premeditated Repairs 

As a basis for supplying the knowledge not only for pre- 
meditated repairs, but to also establish the current value of the 
equipment, a form similar to that shown in Figures 122 and 123 
is used. The heading shown in Figure 122 is opened up to show 
the original cost of each item, both machines and fixtures, and 
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ncuiE 124. — Form for Recording Cost of Machine Repairs 
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each year this is adjusted to a net value by adding any additions 
such as special fixtures or improvements, and deducting the de- 
preciation. On the reverse side of this form shown in Figure 
123 is recorded a description and cost of all repairs. These rec- 
ords of the cost of repairs should be carefully gone over each 
month by the master mechanic and superintendent. A careful in- 
spection of these records of repair cost will soon reveal the fact 
that certain machines break down fairly regularly after certain 
periods of operation. If this is considered normal wear and tear, 
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Figure 125. — Form for Machine Shop Order for Machine Repairs 



periodic inspections of these machines should be instituted at 
such intervals that the breakdowns will be prevented, inasmuch 
as if during the inspection any flaw is found, it can be imme- 
diately repaired. Such inspections and repairs should be carried 
on during hours when the plant is not operating and thus a large 
amount of lost time due to breakdowns of equipment will be 
avoided. However, an inspection of these repair records will 
often reveal that certain equipment is breaking down far more 
than normal wear and tear warrant. In these cases the master 
mechanic and superintendent should take the matter up with the 
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plicate for the foreman placing the order, is provided. Upon the 
receipt of the machine-shop copy, the master mechanic lays out 
the work for the necessary mechanics and writes material requisi- 
tions for any necessary material on material requisition (Figure 
33) and schedules the work on his control board as described 
below. The mechanics, of course, work on time cards similar to 
those provided for the regular operatives in the factory, and 
these time cards and the material requisitions are forwarded to 
the Planning Department, and summarized on the cost summary 
on the back of their copy of the machine shop order, thus serv- 
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Figure 127. — Tag Vsed on Planing Board 
Shown in Figure 126 

ing as a basis for the repair cost accumulation on the form 
shown in Figure 123. 



Planning of Repair Work 

A schedule board should be provided in the machine shop 
similar to that shown in Figure 126. This consists of a plain 
board across the top of which are placed the days of the month, 
underneath the day there being placed fifteen small hooks in 
vertical lines. Upon receipt of the machine-shop order, the 
master mechanic makes out a small tag such as that shown in 
Figure 127, which he places upon a hook under the day on which 
the job is supposed to be completed, this information being ob- 
tained from the machine-shop order (Figure 124). Inasmuch as 
when using premeditated repairs, as descril>ed above, there are 
certain jobs which he can schedule with more or less leeway, the 
immediate breakdowns can be provided for first, and the time of 
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CHAPTER XIII 
WASTE CONTROL 

THE subject of waste material is one regarding which there 
is a great deal of discussion in most woodworking plants, 
but toward the control of which little actual effort is made. The 
most common objection to making changes of almost any nature 
whatsoever in a woodworking plant is that "it will increase the 
waste," but very few woodworking executives have any tangible 
data as to just what their waste is, how or why it is caused, 
or any means of keeping it at a minimum. Like so many other 
subjects in tliis unstandardized industry it is largely a matter of 
personal opinion rather than of fact. In a few plants occa- 
sional tests are made but they are rarely carried out under any 
standardized conditions which would guarantee legitimate re- 
sults, and after being made are often used as a basis for calcu- 
lating waste for long periods during which conditions are 
changed or in connection with entirely different grades of lum- 
ber and product. 

To approach this subject from the standpoint of establishing 
a control, it is necessary not only to determine as exactly as pos- 
sible just what the percentage of waste is for different kinds of 
lumber, but also to provide a simple mechanism whereby it may 
be controlled. 

Where Waste Is Made 

Wastage of lumber occurs first in the lumber yard, but prac- 
tically never is this fonn of waste considered. Usually waste 
is calculated on the basis of lumber actually delivered to the 
mill. In one large woodworking plant the author ran a test 
for several months, beginning with a very careful inventory of 
the lumber yard and following with carefully kept records of the 
amount of each kind and grade of lumber put into or removed 
from the yard. Considerable expense was incurred in order 
that these records might be dependable, with the result that it 
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was established that ahjut 3 per cent was being lost, based on 
the value of the lumber in the yard, through breakage, exposure 
to the weather, etc., which amounted to a considerable item per 
year in this plant, but which never before had been f^;ured into 
cost. 

The greatest point of course at which waste is made is at the 
saws, both cut-off and rip. A little later a simple method will 
be shown whereby a definite record of waste at this point can 
|je obtained. 

During the various machining operations, such as boring. 
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Figure 129. — Weighing Device for Waste 

chucking, tenoning, mortising, etc.. additional parts are broken 
or spoiled and hence constitute waste of ni.iterial. 

In the assembling or driving up departments a small per- 
centage is broken, while in the storage rooms of shaped and ma- 
chined parts a certain loss is experienced through deterioration, 
if the parts are stored any considerable length of time. 



Method of Control 



Yard. For maintaining a record of the waste caused in the 
yard it is only necessary to carefully' maintain the perpetual in- 
ventory method as detailed in the chapter on lumber control. 
If this inventory is maintained with the proper accuracy, each 
\ the annual physical inventory of the lumber yard is 
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taken a small shrinkage will be found which will represent the 
factor of loss at this point to be considered in estimating cost 
prices. This figure will be found diflferent for various grades and 
kinds of lumber. 

A simpler method for determining this waste in the lumber 
yard, and one which reflects cost rather than amount more ac- 
curately, is to add the invoices of lumber during the previous year 
to the annual physical inventory taken at the beginning of that 
year, and deducting from this sum the total amount of lumber 
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Figure 130. — Detail of Bottom of Hopper of Waste Weighing Device 



ordered into the factory during the year. Any difference be- 
tween the physical inventory at the end of the year and the above 
amount represents waste in the yard. 

Saws. The waste from each saw should he collected by con- 
veyors through chutes. When possible, the saws should be so 
arranged that all the chutes lead to one large conveyor. At the 
bottom of each of these chutes a weighing device similar to those 
shown in Figures 129 and 130 may be placed, which can be set 
so that it will deliver the waste to the convevor in amounts 
equivalent to the weight required to open the device. By means 
of the tension spring this device may be so adjusted that it 
will deliver in lots of say 25 ix)unds. Each time it opens the 
counter registers this fact and the reading of the counter mul- 
tiplied by the amount required to oi)en the dcviic will give the 
pounds of waste. From the conveyor which receives the waste 
from the saws, the material is carried onto a distribution table 
where it can be resorted for cutting up into small parts, or, if the 
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type of product does not warrant this, it can be carried directly 
to the fire r(X)m. This will later be discussed in detail. An 
economical form of conveyor for this purpose is shown in Figure 
131. This conveyor can be built almost wholly from material 
available in the average woodworking plant with the exception 
of the Ix'lt and a few small parts. It consists of a heavy pre- 
pared canvas Wt <)i)erating on wooden idler rollers with hard 
wood side boards. Such a conveyor can be operated very eco- 
nomically and with little wear. When it is necessary to carry the 
material up to a higher elevation than that of the conveyor itself 
this may be done by arranging the conveyor belt to deliver the 
material onto a set of chains similar to those used for conveying 
slabs in a saw mill. Such a device not only provides for weighing 
of waste but it also, if installed in the basement under the cut- 
ting room, disposes of the waste automatically, saving time for 
the saw operators, who in the average woodworking shop have to 
spend a considerable portion of their time handling the waste, 
and also eliminates the necessity of handling the waste from 
the saws to a secondary cutting iK)int or to the fire room. 

When it is desired to record the amount of waste of differ- 
ent kinds or grades of lumlKT, the weighing device must be read 
between the cutting of the different types. The counting device 
can l>e readily located in sight of the saw operator or foreman. 

M(ishiiiin(f aiul .Isscnihlino. Parts broken or discarded dur- 
m^ the intermediate machine operations or at assembly are re- 
corded in the cull record on the production order (Figure 48 or 
4<)) and may he summarised upon receipt of this form in the 
Planning Department. 

Stortufc. Parts becoming waste in the storerooms will be de- 
tecteil by the annual inventory checked against the j^erpetual in- 
ventory records of such stock in practically the same manner as 
waste is detected in the hunher vard. 

Sunniuiry. I'rom all the sources in the manner described 
above, the waste shoidd he tabulated against the amount of 
lumber from which it resulted. l'\>r instance, when an order is 
complete, im- rather a cutting group, which may consist of parts 
applied on several orders and luilized in several diflFerent units, 
the {oU\\ amoiuU of \\a>te and culls should be listed and a per 
cent figured sh^winv: the relation i»f this \o the lumber brought 
inti> the factory tor this culling i^roup. When a figure has been 
determined from the yard inventory showing the amount of 
waste in the lumber yard this ixMvenlage should be added to the 
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other. While the above description may seem detailed the 
actual time required by the Planning Chief to tabulate such mat- 
ter has been found in a plant cutting 2,000,000 feet a year to be 
about half an hour per day, and this information, if properly 
utilized, will be of considerable value in reducing waste in the 
future. 

Once a week the Planning Chief should take these figures 
up with the Superintendent and when any cutting group shows 
an excessive percentage of waste, the matter should be carefully 
investigated and taken up with the workmen concerned. Such 
conferences and continual following up of waste will gradually 
put every member of the working force into a spirit of doing 
everything in his power to keep the percentage of waste down, 
inasmuch as he knows it is being carefully controlled and 
watched. 

A simple method of determining waste and which should in 
the author's opinion be carried on as a check upon the more de- 
tailed method outlined above, is as follows : Maintain a careful 
record of all the lumber brought in on each cutting group and 
figure the net lumber utilization of the finished number of parts 
put into stock room or utilized in the product directly from such 
cutting groups, and the difference will represent the gross per 
cent of waste. While this will serve as a valuable check over the 

• 

collection of waste information by separate operations as de- 
tailed above, it cannot be used as can the detailed method for 
controlling the waste, inasmuch as it makes little impression to 
go to a workman and say that the waste increased i J4 per cent 
for the entire plant last month while if you can tell him that on 
cutting group number so and so, "that last large order for 
rockers showed a waste of half again as much as the previous 
order,'* you will have an opportunity to get some actual in- 
formation as to the reason. He may recall that the lumber was 
badly checked, in which case you know that you must investigate 
both your kiln drying and covering of piles in the lumber yard. 
In other words, to be effective, your control must cover the sub- 
ject in small groups, and by specific operations. 



Disposal of Waste 

Handling, The disposal or utilization of waste is a separate 
problem from that of keeping waste at a minimum. Having the 
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waste, what is the best disposal of it? In the first place, we must 
consider handling it physically. . In the description of the con- 
trol, we discussed the handling of the waste by means of a 
conveyor from the saws. There are two other points where 
mechanical devices will be of assistance in handling waste, — 
shaping, and turning. Suction pipes connected with a blower 
system have not been found satisfactory for these operations 
inasmuch as it is practically impossible to design an exhaust 
head which will receive the shavings from all the various angles 
at which the knives throw them, and also because such heads get 
in the way of the operative on certain types of product. A con- 
veyor, however, can be easily designed which ()i>erates behind a 
battery of shapers delivering the shavings directly into an ex- 
haust head that will pick them up easily if they are forced into 
its entrance by the conveyor. 

At the turning operations, especially using back knives, an- 
other tremendous amount of shavings are made, which are im- 
possible of collection by an exhaust head although several 
varieties of flexible traveling heads have been designed for this 
purpose. The conveyor shown in Figure 132 consists simply of 
an endless cable with lugs running in a trough which easily con- 
veys the light bulky shavings to an exhaust head. The conveyor 
mentioned above for use with shapers is of a similar principle. 

Utilisation. Where a more or less constant sized product is 
being manufactured in a woodworking plant, which can be to a 
large extent cut from dimensioned stock or sorted sizes of lum- 
ber, the waste will be so small that unquestionably the best 
utilization will be to run it through a hog and blow it direct to 
the boilers. In the furniture industry, however, where such a 
variable-sized product is made, some utilization of the larger 
pieces of waste must be made. After considerable study by the 
author, he believes that the best utilization for this material is 
to obtain some small by-product such as pegs or handles and run 
all the waste through gang saws and then through automatic ma- 
chines for making this by-product. This reduces the labor cost 
of such utilization to a minimum. Current practice, however, in 
the furniture industry is to resaw such material into smaller 
parts used in the product. This requires an excessive amount of 
sorting and handling to separate tlie green from dry lumber and 
the various kinds of lumber, as usually the different items of 
product can only be made of some one particular kind of wood. 
It also requires a careful detailed method to control such mis- 
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cellaneous cutting. In a previous section on standardization of 
the product, it was pointed out that stretcher stock could be much 
more cheaply cut from new lumber than it could be from waste. 
It is a short-sided policy to expend more in labor than the sal- 
vage of the material warrants. 

General 

The waste problem then resolves itself into standardization 
of the following details. 

a Handle the waste automatically by mechanical means 

whenever possible 
b Collect data as to the percentage of waste in sufficiently 
small units, preferably cutting groups, to be able to 
present definite cases to the operatives in order to 
obtain their co-operation in reducing waste 
c In utilizing the waste in the manufacture of either di- 
rect product or by-product, be careful not to expend 
more labor than the salvage value of the material 
warrants. 
In standardizing these details it should be assured that the 
information is predicated upon fact and not opinion. By the 
use of waste figures which the workmen have found by experi- 
ence are true, little difficulty will be encountered in obtaining 
their co-operation in bettering the utilization of the lumber. 



CHAPTER XIV 
POWER PLANT 

BECAUSE of the cheapness of a large part of the fuel — 
waste or offal — in a woodworking plant, in the majority 
of such plants the questioh of the cost of power is given but scant 
attention. In many large saw and planing mills tfiis is more or 
less excusable, inasmuch as after supplying all the power and 
heat necessary for the use of the plant, electrical current for the 
local village and all other possible uses, a large quantity of heat 
has to be wasted by burning the surplus offal in a destructor. In 
the average furniture factory, however, the waste seldom supplies 
all the heat and power required, and the balance must be sup- 
plied by the use of coal. Under such conditions, the power prob- 
lem requires careful analysis and constructive development. The 
proper application of power economics to such problems is dif- 
ficult due to the variation in fuel, but when carefully utilized, are 
enable of realizing appreciable reductions in power cost. 

Principles to be Considered in Using Wood as a Fuel 

ITie tundamental prmciples to be controlled in burnmg wood 
are as loiiows : 

1 Proper methods of mechanical or hand firing and draft 

control must be provided in order that the varying 
size of the product (sawdust, chips, and scrap) may 
be all economically handled without 
a Developing losses through temporary lowering of 

temperature of gases through excessive draft 
b Losses through distillation of gases below ignition 

temperature. 

2 When part coal is used as fuel, furnace must economi- 

cally develop heat from both wood and coal. 
I (a) Prezfcntion of Draft Losses, When burning wood, 
or wood and coal mixtures, a thick fire must be maintained often 
from three to three and one-half feet to prevent draft blow- 
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holes. This often recjuires that the grate surface be lowered. 
Sawdust and hogged fuels are usually automatically stoked from 
overhead, while coal and scrap are hand-fired or pushed in by a 
screw-convevor horizontally. 

\(h) Maintenance of lyuition Temperature. The moisture 
content greatly influences this factor. WTien wet fuel is used, 
cont«'ict with large areas of hot brickwork is ver\' essential to 
maintain ignition temperatures and prevent fuel losses. Long 
combustion chambers and baffles provide these areas. 

2 Provisions for Varying Fuel, When it is considered that 
average coal contains 68 per cent carbon and 12 per cent oxygen* 
while wood contains 50 per cent carbon and 40 per cent oxygen^ 
it can readily be seen that very different draft conditions and verw" 
variable amounts of air for the maintenance of complete combus — • 
tion are essential. While wood requires less oxygen or air a s 
draft for the initial stages of combustion, the larger quantity o -^t 
more volatile gases distilled from wood after the initial stagei=^ s, 
demands a far greater combustion space than do those from coaf -^l* 
therefore furnaces designed for the cumbustion of wood offa^^'^^ 
must be capable of reducing the draft intake of air but be prczz^'O- 
vided with large combustion spaces. In checking the utilizatior-^n^o*^ 
of wood as a fuel 2j4 pounds of dry wood can be considere ^^ ed 
ecjuivalent to one pound of good grade bituminous coal. Coir:^^n- 
sidcring this fact together with the additional one that iccz::^ :or 
similar grate areas it is possible to develop practically the sauji. M- -i"^ 
boiler horsepower with wood as with coal, it is very evident th?^ ,^nat 
provision must he made for a far greater bidk of material a^ ^^ 
well as practically continuous feeding. 

In the average furniture factory sawdust from saws aa^'"^'^^^ 
sanding department and chips from shapers, boring machine: -^^ ^^' 
mortisers, tenons, etc., are collected by suction and blown d M-^^y 
rectly into the boilers. Considerable care must be exercised m |" 
designing the lK)ilcr intakes and the dust arrester or cyclone ii ^^ 
order that as much of the air current is broken up in the dur ^^st 
arrester as possible and that the sawdust and chips fall hd^MX 
gravity into the furnace. Unless the pressure of air blowing til- ^y^ 
chips and sawdust to the boilers is thus arrested, cold areas wi S^'" 
be caused beneath the intakes in the fire and flue losses will d< 
velop through the introduction of the cold air into the 
bustion area. 

The best general practice in firing offal and coal combine^/ 
as it is necessary in most furniture plants appears to the authof 
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as follows: Sawdust and chips should be fed continuously 
through overhead intakes. The fire should be kindled with a 
combination of wood waste and coal. Wood waste, usually de- 
livered to the floor of the boiler house by a conveyor should be 
stoked by hand if it is in the form of cuttings and blocks, or 
by a screw conveyor if it has been hogged. Occasionally hogged 
material is blown in, but the shredded nature of such material 
makes it difficult to so feed without introducing excessive air into 
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Figure IJJ. — Furnace and lioilcr for Huniin); Wood Waste 



the combustion chamber. When the offal sui»i>ly becomes 
diminished coal should be stoked until the sup|i!y of wcKid waste 
has again accumulated. 

The design of a furnace and boiler for burning such a va- 
riety of materials, if it is to be operated at a high efficiency. 
must receive particular attention and be capable of adjustment 
as the fuels vary. D. M. Myers, in his excellent book Preventing 
Losses in Factory Power Plants, describes an excellent design 
for this purpose as shown in Figure 133. In this design sep- 
arate storage bins were provided for the sawdust and for the 
bulkier and miscellaneous materials. It was further arranged 
to feed the sawdust separately through the top feed hole up to 
the full capacity of the furnace until this supply was depleted. 
Then tiiis feed hole is sealed, and the slabs, end-cuts, and other 
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forms of wood charged by means of a pusher from a steel floor 
level with the grates. The vertical sliding door being capable 
of quick opening and closing prevents excessive entrance of air 
during the feeding operation. When coal is fired this is done 
through the same sliding door and the fuel is either spread or 
fired by the alternate or coking method. 

As the grates are of a proper air spacing for fine sawdust, 
the correct regulation of the air supply for the other fuels used 
is accomplished by adjusting the admission of the required 
amount of air by means of the levers connecting the air valves 
on the front of the furnace. This air becomes preheated by the 
wall and combustion arch of the furnace, and is admitted ta the 
fire at points surrounding the throat, thus producing somewhat 
the effect of an Argand burner. The large combustion space, 
baffle walls, and explosion doors complete the principal features 
of the equipment. 

Although the air requirements and heat values of sawdust 
and coal differ greatly, either fuel will develop about the same 
number of heat units per square foot of grate surface per hour. 
It is largely this fact that makes possible the utilization of such 
different fuels on the same grate and in the same furnace. The 
above furnace was reported by the owner to be consuming the 
calculated amount of wood waste and when this material is 
lacking the furnace burns soft coal without smoke. The high 
combustion is indicated by 12 per cent CO2 as average in a 
month's run. 



Standardization 

The actual manipulation of the boiler plant should be care- 
fully studied and standardized. Local conditions and the pe- 
culiarities of each individual installation make each plant a special 
sturdy by itself and the technicality of the questions involved ren- 
der it imperative that a professional engineer be engaged to de- 
velop standardization of operating practice as well as to cor- 
rect any faults of design if a high operating efficiency is to be 
maintained. Draft gauges, D'Orsat apparatus, steam flow 
meters, etc., should be installed and records maintained show- 
ing the operating conditions from day to day. Illustrating the 
possibility of standardization of boiler control is the following 
standard instruction for firing boilers. 
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Bonus Rate for Work of Firemen 

Rate Symbol 

None necessary. Bonus entirely dependent on CO2 readings. 

Work Performed Under this Rate 

Firing furnaces, properly cleaning grates and handling coal 
from hopper, including weighing. When the coal to be used 
must be brought from the bins or piles by means of wheelbar- 
rows this work will be done by the coal handler and not by the 
firemen. 

Data 

2 — ^300 horsepower Heine Safety Boilers 
I — 250 horsepower Heine Safety Boiler 
3 — Hay's Draft Indicators 
I — Spencer Automatic. Damper Regulator 
2 — Hay's Draft and CO2 Recorders 
1 — Hay's Improved D'Orsat Gas Analyzer 
Note: — ^All three of the above boilers are equipped with 
Files Hand Stokers. 

Description of Condition Previous to Installation of Bonus 

The theory upon which the Files hand stoker is based is to 
shovel coal on the first section of the grate and coke it there, then 
work it back by means of the hand stoker to the other two sec- 
tions and in this manner the coal will be completely burned by 
the time it reaches the dump plate at the rear, and there will be 
no live fire against the bridge wall and therefore it will not 
clinker so badly against the bridge walls and the side walls and 
in addition will provide a clean fire at all times, practically free 
from ashes, thus materially aiding in obtaining good draft. 

In practice it is very difficult to get the firemen to use these 
hand stokers properly. They much prefer to shovel on a lot of 
coal at* once and then sit down and rest for fifteen or twenty 
minutes, then shovel on another large quantity. In order to 
keep up steam with this method of firing it is necessary to dis- 
tribute the fresh coal evenly all over the grate surface. This 
keeps a live fire against the bridge wall and on the dump plate 
at all times, thus forming more clinkers and burning out the 
grates more rapidly. 

The chief objection, however, to the above method of firing is 
that the fires become full of holes if left for such a length of 



time without attention, thus allowing a great excess of a.^M 
flow through the grates. This excess air prevents perfect ^M 
bustion and cot>ls the flue gases, so timt there is a large pre^H 
able loss in the flue gases. H 

Recommcndalion for Standaniisation of Contlilion and Cosl^M 
To determine the preventable loss in flue gases the CC^f 






^ 


1 
1 


1 


Figure J34,— Cliarl From CO, Recorder Wlicu First InslalW H 

corders and draft gauges were installed. Il was found thai ih 
firemen were getting less than 6 per cent CO, at the time th 
recorders were put in (Figure 134)- The firemen have ^ 
taught lo fire so that at tlie present they are getting at>o|^| 
jer cent or 12 per cent as an average CO3 reading as shoi^| 
Figure 135. ^M 
To maintain a gi^nd CO:, reading it is ni-cessary to fire ^t^M 
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on tlie first section of the stoker and, when it h:is become well 
coked, %vork it tuick by means of the hand stoker and the fire hue. 
Also the furnaces must lie fired often and only a small (luantity 
of coal shoveled on each time. This will avoid clinkers to a 
large extent, keei) cleaner fires and avoid burning out the grates 
so fast. 







Saritig ami hoiiiix Rule 

Table ii shuws tbc bimus paid fur each ]H;r cent C(lj muin- 
tnined and also shows the resultant saving to the company <iver 
previous costs for siich performance. 

The charts are integrated by means of an Anisler jmlar 
planimeter. The average reading for the seven days nf ihe week 
for each of the men is added and the average obtained for the 
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Table i i — Amount of Bonus Paid Firemen and Saving of Coal for Each 
Step Attained in Increasing the Per Cent COi 
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91 
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12.8 
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week and by referring to the Ix^nus curve shown above, the corres- 
ponding bonus is obtained. 

It will be the duty of the Chief Engineer to remove finished 
charts from CO2 recorders and place new charts in recorders 
each day. He shall also change the primary filters at the boilers 
and the filters at the recorders at least every other day and blow 
out the pipes into the boiler and to the recorders by means of 
compressed air. 

Once each day the Chief Engineer will make check tests with 
the Hay's improved D'Orsat gas analyzer, covering at least three 
readings on each recorder and he shall write on each chart both 
the reading of the recorder and the corresponding reading of the 
analyzer for each reading made. 

The above method is one which can be installed with com- 
parative case in any woodworking plant, if the equipment is 
properly designed and the oi)eration standardized, and the fire- 
men given a means of checking their own efficiency. The re- 
cording apparatus used alx)ve was found by actual practice to not 
only definitely indicate the resulting efficiency of operation, but 



• These percentages of preventable los.ses are taken from table*; shown in J. W. Hay's book 
Ifow to Build up Furnace Efficiency. To obtain the loss in dollars these percentages were multi- 
plied into the average coal consumption and by 18. 70, which is the cost per ton. The average 
<*"al consumption over a period of three months was found to be 132.7 tons per week, there- 
fore the average total cost per week is approximately |i iss-oo. 

At the time the bonus was started an average of considerably below 6 per cent COt wm being 
tnmde, to above figures are very conservative. 
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it also provided a constant visual index for the firemen as to 
their operating efficiency and was actually used by them to in- 
crease their own effectuality. An average of 12 per cent CO2 
has now been maintained in this plant for several months with 
an increase of 20 per cent in the earnings of the firemen with a 
resultant saving of nearly 13 per cent of the coal bill. Wherever 
coal is used as part or entire fuel in a woodworking plant a 
similar form of boiler standardization will be found a good 
investment. 

Engine Plant 

The engine plant is also worthy of careful attention. In 
these days of high fuel cost the use of the steam must be as 
economical as possible. In the majority of old woodworking 
plants simple non-condensing engines are encountered. But in 
many newer plants the cost of making the power has been so 
excessive that the plants have been electrified and hydroelectric 
current purchased. Where there is a considerable quantity of 
waste fuel available, however, it is questionable whether such 
electrification is economical in a woodworking plant. For new 
installations, turbo-generators should be considered. These allow 
the added effectuality of electrical drive to be realized, coupled 
with economical production of the power locally. For increasing 
the capacity of older power plants and for additional auxiliaries, 
low-pressure turbines may be employed and operated on the ex- 
haust from the older engine plant. Steam turbines are highly 
efficient over a considerable range of load, may be run condens- 
ing or non-condensing as desired according to local heating re- 
quirements, and may be designed for the use of both high and 
low-pressure steam. This makes them extremely adaptable un- 
der very variable conditions and together with the fact that they 
require only a small part of the attention which an ordinary en- 
gine requires and that the space occupied in the power house is 
usually less than half that required by an engine of the same 
capacity, are strong factors in favor of their use. 

However, no matter what the type of engine used, stand- 
ardization of operation and control, by means of bi-daily indica- 
tion, or other method, should be adopted, and the engineers re- 
munerated in proportion to the maintenance of such standards. 

In conclusion it should be remembered that cost of ix)wer in all 
plants, both woodworking and others, requires to-d.iy careful 
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analysis. Fuel is high, and may be even higher in the near future. 
The cost of power per unit of product in some plants may be a 
very small figure, but the total amount paid annually for fuel even 
in the smaller of the woodworking plants is not an insignificant 
item. This figure can be reduced very appreciably by intelli- 
gent analysis and control of the local power problems, coupled 
with the provision of an incentive to the engineers and fire- 
men for the maintenance of the standard practice, once it has 
been developed. 



CHAPTER XV 
COST ACCOUNTING 

COST accounting for the woodworking industry can very 
easily be allowed to become so detailed that the cost of 
maintenance of the system becomes greater than its utility war- 
rants. Inasmuch as the material, being largely wood, is a more 
or less variable quantity, and of necessity introduces the use of 
certain factors and prorations, in addition to the usual estima- 
tions encountered in cost finding, any method of accounting 
which endeavors to subdivide the various items too closely is of 
doubtful utility. This is chiefly owing to the fact that since 
many basic figures are themselves the result of estimate and 
proration, any method which carries its calculations and deduc- 
tions to extremes is a fallacy. The general plan of cost account- 
ing for a woodworking plant as recommended by the author is 
illustrated by Figure 136, which is the basic plan from which 
uniform plans of cost accounting have been devised by the 
organization with which the author is connected for three asso- 
ciations of woodworking manufacturers, namely chairs, wire- 
bound boxes, and wooden-ware, as well as numerous plans for 
individual manufacturers of wood products such as tables, lum- 
ber, veneer, case-goods, filing devices, etc. 

The term cost, as applied to manufactured products, is sub- 
ject to various interpretations that differ materially one from 
another. For example, to some individuals the term cost means 
nothing further than the value of material and labor consumed; 
to others it also includes the expense incurred in running the 
plant; to others again, it represents not only the total cost of 
material, labor and expense of running the plant, but also the ex- 
pense of administration and selling; while to still others, it em- 
braces all possible outlays, even those incurred for interest. 

General Plan 

In applying costs for the woodworking industry, the plan out- 
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lined in this chapter is covered by the following formula, which 
includes and illustrates the successive stages of cost accumulation 
from gross sales to final net profit. 
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Gross Sales, less returns and allowances O. S. 

Less: 

Freight — Outward F 

Commissions C 

Discounts D 

Total Deductions from Sales T. D. 



Net Sales N. S. 

Less Factory Cost of Shipments: 

Materials Consumed M 

Direct Labor Employed L 

Factory Burden, or Indirect Cost B 

Total Factory Cost of Shipments F. C. 



Gross Manufacturing Profit G. P. 

Less Commercial Cost of Shipments: 

Administrative Expense A 

Selling Expense S 

Total Commercial Cost of Shipments C. C. 



Operating Profit O. P. 

Other Income: 

Interest and Discounts Receive* 1 I. R. 



Total S. T. 

Other Charges: 

Interest Paid LP. 



Net Profit N. P. 



Some cost accountants will, of course, differ regarding this 
method of handling interest, but in connection with the wood- 
working industry our experience has demonstrated that this 
method is the more feasible. The plan outlined above embraces 
the establishment of continuous inventory control accoimts for 
raw materials and burden supplies. Records of raw materials 
and supplies consumed each month are obtained and the value 
transferred to an account which represents the value of work in 
process. The productive labor employed each month is analyzed, 
and also transferred to the account representing the value of 
work in process. 

Various accounts are maintained representing the factory bur- 
den or indirect cost of operation. The relation of the cost of 
factory burden and the cost of productive labor is detennined 
and ratios of burden expense develojKd. Each month, in pro- 
portion to the productive labor employed, a charge is made to the 
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account representing value of work in process for the propor- 
tionate share of burden applicable to work in process. The 
amounts so applied are credited to a resen-e account, the object 
of which is to indicate as to how closely the charges to work 
in process for factor)- burden compared with the actual cost of 
factory burden as shown by the aggregate of balances in the va- 
rious factory expense accounts. 

Records of product finished are obtained which are calcu- 
lated at cost values, the aggregate being credited to the account 
representing the value of work in process and charged to an ac- 
count representing the value of finished product. At this par- 
ticular p(j'mt in the plan of accounting, the plan must be varied 
according to the individual needs of a manufacturer. In some 
cases, instead of one account representing the value of work in 
process, several accounts will be necessary representing the value 
of work in process at successive stages of manufacture, such as 
stock parts or product assembled in the white. 

Having accumulated the cost of all goods entering into the 
finished product account, the cost of all shipments is calculated 
and the aggregate is credited to the account representing the value 
of finished product and charged to an account representing the 
factory cost of shipment 

Various accounts are maintained representing the details of 
administrative and selling expenses and in order to be assured 
that the ratios of administrative and selling expenses to the 
total factory cost are correctly employed in cost calculations, 
there is provided an account representing the commercial cost of 
shipments to which is charged an amount representing the esti- 
mated value of administrative and selling expenses based upon 
the factory cost of goods shipped. The amounts so charged to 
the commercial cost of shipments are credited to a reserve for 
commercial burden. The balances in the latter account represent 
the aggregate of amounts applied to the commercial cost of ship- 
ments for commercial burden, and should be in substantial 
agreement with the accounts representing the details of admin- 
istrative and selling expenses. 

Separate accounts are maintained representing the cost of 
freight outward, commission, and discounts allowed, which are 
considered as deductions from gross sales. All returns and al- 
lowances are charged against gross sales. 

In order to determine the operating profit, therefore, in the 
manner indicated in the formula outlined in the foregoing, the 
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amount of sales after the deductions have been made will be con- 
trasted with the factory cost of shipments, plus the commercial 
cost of shipments, with the object of showing the operating 
profit. 

Interest transactions will be considered after the determina- 
tion of the operating profit and will be considered as direct 
additions thereto, or deductions therefrom, in order to arrive 
at the net profit. The transactions briefly described in the fore- 
going are to be recorded by months, with the very important ob- 
ject of obtaining a statement of monthly earnings. 



Establishing Burden Rates 

One of the first steps in establishing costs is to work out the 
ratio of burden to the direct labor charges for the various dc 
partments of the business. This is to provide the mechanism for 
making a charge each month to the account representing work 
in process, to cover the burden applicable to the cost of the prod- 
uct, in proportion to the amount of direct labor incurred during 
the month. It is preferable to make these charges at percentage 
rates according to the individual departments; that is, the ratio 
which the expense in a department bears to pro<luctive labor in 
that department is determined, and for all productive labor 
charged to work in process there is a further charge made to 
that account, based upon the departmental i)crcentage rate, to 
cover the burden applicable to the cost of the product. Thcs 
amounts are credited to the reserve for factory burden acount, 
which represents at all times the accumulation of amounts applied 
to the costs to cover the burden charges. The principal advan- 
tages of the use of departmental expense rates in the calculation 
of burden charges are (i) Closer values may be obtained for 
determining the selling price of partly finished product. (2) 
Qoser values may be obtained for use in pricing the inventory. 
which would, of necessity, be found in all stages of process. 

It is unquestionably true that this refinement recjuires addi- 
tional clerical labor, which some manufacturers might not wish 
to supply. It is recommended, however, that at least three gen- 
eral factory burden rates, as follows, be provided : 

1 A rate to cover the operations to and including the 

product in the white 

2 A separate rate to cover the operations of finishing 



264 

3 A separate rate to cover the operations of upholstering. 

These rates are essential first, because some manufacturers 
sell the product in the white; second, because other manufactur- 
ers, while not selling the product in the white, nevertheless have 
stocks of assembled goods in the white, and third, because nearly 
all have stocks of parts, the cost of whicji should not be aflFected 
by one general ratio of overhead expense which would include 
finishing and upholstering costs. 

The aggregate of the general accounts representing the bur- 
den of indirect costs of manufacture will be in substantial agree- 
ment with the aggregate amounts of burden applied to the cost 
of production, as shown by the balance in the reserve account, 
if the production be upon a normal basis, and the ratios of bur- 
den cost correctly compiled. Should the aggregate of the bal- 
ances in the expense accounts be greater than the aggregate of 
burden applied, it would indicate that an increase should he 
made in the ratios used in applying tlie burden, but, on the other 
hand, should the aggregate of the balances in the expense ac- 
counts be less than the aggregate of burden applied, a decrease 
should be made in the expense rates. Should such variations oc- 
cur as the result of abnormal operating conditions it is recom- 
mended that no radical changes in the expenes rates be made, but 
rather that the variations should be considered as a separate 
charge to the operating profits of the year. It is not advisable, 
for comparative purposes, to absorb in individual costs extra- 
odinary expenses due to abnormal conditions. 

The method of working up the percentages of burden in re- 
lation to direct labor varies with local conditions and at indi- 
vidual plants. Certain item?, such as supervision, are distributed 
over the various departments in ratio to the direct labor itself, 
while others, such as heat and light, are apportioned according 
to floor area. The local conditions must be carefully examined 
to determine the proper basis for each case. 

Then the records of the previous year are examined, ana- 
lyzed and a burden statement developed, similar to that shown 
in Figure 137. Before the actual figures are introduced into 
the statement, however, they should be gone over with the Gen- 
eral Manager and revised to exclude any abnormalities peculiar 
to the previous period, and to provide for any unusual items 
which are expected to occur in the subsequent period, which the 
statement is to cover. Such a statement should be prepared an- 
semi-annually or even oftener. It provides the basis for 
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setting up the reserve for burden referred to above. A com- 
pleted burden statement is shown in Figure 138. 

Absorption of Factory Costs into Financial Accounting 

A very essential feature of any cost plan is to so absorb and 
check the actual accumulated cost figures by financial accounting, 
that the total of all individual cost figures will be reflected and 
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Figure 137. — Analysis of Factors Making Up Shop Burden 

proved into the monthly balance sheets. This is provided for by 
the establishment of a private ledger and a works ledger which 
must balance each other through controlling accounts. The ac- 
cumulated cost figures are absorbed by the works ledger and the 
accumulated financial figures by the private ledger, thus as- 
suring that each balances the other and that all transactions are 
absorbed by one or the other. 



Establishment of Private and Works Ledgers 

To correctly establish the cost plan and the proof of the 
works ledger, it is necessary to provide two controlling accounts 
which will represent the total investment in the form of raw 
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materials, parts and product in process, finished product and fac- 
tory expenses. 

One of these accounts is carried upon the private ledger and 
is known as the works ledger controlling account, symbol B. The 
other controlling account is known as the private ledger control- 
ling account, and is carried upon the works ledger having the 
same symbol B. These two accounts act as controlling accounts 
to each other and at the end of each month, their balances should 
be in agreement. 

At the beginning of the year the works ledger controlling ac- 
count, symbol B, in the private ledger is charged with the total 
amount of the inventory. Through the year this account is 
charged with the total of all purchases of material, payroll and 
factory expenses. It is credited with the cost of all goods shipped 
and charged with the cost of any goods returned. The balance 
of this account will, therefore, at all times represent the total of 
raw materials, work in process and finished stock inventories. 

The foregoing describes in general the methods to be us' 
in order to estabh'sh the accounts necessary for a monthly loss 
and gain statement supported by cost records as carried in the 
works ledger and controlled by the general books. The control 
of costs IS thus obtained through proof of the balance in the 
various accounts in the works ledger in the following manner : 

1 When the balance of the various inventory accounts agrees 
with the physical inventory accounts, a proof is furnished that 
the value of materials consumed is substantially in agreement 
with the cost of the material. 

2 When the aggregate of the various factory overhead ex- 
pense accounts, as a total, which are debited under symlx)l M i-i 5, 
is in substantial agreement with the aggregate amount of credits 
whidi have been charged to the work in process burden, a proof 
is established that a proper percentage of burden expense has 
been used. 

Considering the foregoing, it should l)e held in mind that 
the works ledger will give proof of the accuracy of the cost rec- 
ords and through these the loss and gain statement. Should 
there arise any question as to the amounts shown in the cos» 
records, an analysis may be quickly made and traced through 
either the material, labor or expense accounts. The entire plar 
is subjected to direct proof when physical inventories are taken 
at diflfcrent periods of the year. 



Private Ledger Accounts 



Figure 139 is a chart of private ledger accounts, covering the 
accounts of a table factory. The accounting for this plant will 
be used as an example to demonstrate the methods recommended. 
It will be noted that the order of the accounts in the ledger is 




'30- — Chart for Private LedRer Accounts 



the same as that in which they appear on the statements shown 
later. Assets are arranged in order of the availability and are 
followed by liabilities in order of piiority. These in turn arc 
followed by the \arious revenue and expense accounts, arranged 
in logical order. This arrangement greatly simplifies the prep- 
aration of all statements, reducing it to a simple matter of copy- 
ing amounts from the ledger. 

Any of llie accounts as shown may be subdivided and the sub- 
'•vision indicated by placing an additional letter after the ac- 
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count symbol, thus A3, accounts receivable — customers, may be 
sub-divided : A3a Accounts Receivable — City ; A3b Accounts Re- 
ceivable — Foreign; etc. 

The account symbol is placed upon the outer upper corner of 
the ledger sheet, and the sheets arranged alphabetically in the 
ledger by sections. In each subdivision thus established the ac- 
counts are arranged numerically. 

While most of the accounts as listed are self-explanatory, the 
operation of the following acounts will be explained in detail. 

■ 

A4-— Reserve for Trade Discount 

Debit Credit 

From Record of Cash Received From Customers' Ledger 

Total trade discount de- Total of trade discount to 

ducted from remit- be allowed on out- 

tances during month standing Accounts 

Receivable at begin- 
ing of period 



From Sales Record 

Total of trade discount 
deductible from in- 
voices for month 
Opposing debit 
K3 Trade discount 



Balance 

Represents amount of trade discount deductible from Ac- 
counts Receivable 

A6 — Notes Receivable Discounted 

Debit Credit 

From Journal From Record of Cash Received 

Amount of discounted Amount of Notes Receiv- 

notes paid by maker able discounted 

Opposing credit 

A5 Notes Receivable 
Amount of discounted 

notes dishonored by 
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Ci5 — Reserve for Depreciation 

Debit 



Credit 



From Journal 

Amount of depreciation 
written off machin- 
ery, tools or build- 
ings scrapped or sold 
Opposing credit — Prop- 
erty account 



From Journal 

Monthly depreciation ac- 
cruing on all fixed 
property 
Opposing debit — Depre- 
ciation (works ledger) 



Balance 

Represents depreciation from cost of all property items. It 
is carried on statements as a deduction from Fixed Assets. 



Di — Insurance Unexpired 

Debit 

From Journal 

Amount of unexpired in- 
surance at opening of 
records 



Credit 

From Journal 

Amount of insurance ex- 
piring each month, as 
determined from (a) 
an analysis of insur- 
ance policies, or (b) 
an estimate based on 
figures of prior years 

Opposing debit 

B13 Works ledger insur- 
ance 



From Voucher Journal 

Total insurance premiums 
paid 



From Cash Received 

Refund of premiums and 
insurance dividends 
on mutual policies 



Balance 

Represents value of prepaid insurance. At end of fiscal period 
a statement should be obtained from insurance companies and an 
adjusting entry made correcting balances. Corresponding entry 
insurance (works ledger) 
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Dio — Prepaid Interest 

Debit 

From Journal 

Amount of interest pre- 
paid at opening of 
records 



From Voucher Journal 
Interest paid 



Credit 

From Journal 

Interest accruing monthly 
Opposing debit 
F8 Interest paid 



Balance 

Represents amount of prepaid interest. This account is iden- 
tical with Eii except that it is used only in case a debit balance 
arises 



Dii — Branch Rent Account 

Debit 

From Voucher Journal 
Rent paid 



Credit 

From Journal 

Rent accruing monthly 



Balance 



May be either a debit representing prepaid rent or a credit 
representing rent accrued and not paid 

E6 — Accrued Taxes 

Debit Credit 

From Voucher Journal From Journal 

State and local taxes paid Taxes due and unpaid 

Taxes accruing each 
month, based on es- 
timate from last 
years' figures, plus 
reasonable allowance 
for increase. 
Interest acruing monthly 
Opposing debit 
. B 1 3 Works ledger taxes 



2/3 



Balance 

Represents unpaid taxes owed 

En — Accrued Interest 

Debit 

From Voucher Journal 
Interest paid 



Credit 

From Journal 

Interest due on outstand- 
ing notes at opening 
of records 

Opposing debit 

P8 Interest paid 



Balance 

Represents accumulated unpaid interest. This account is 
identical with account Dig, except latter is used when a debit 
balance arises. 



H5 — Manufacturing Profit 

Debit 

From Journal 

Commercial cost of ship- 
ments 
Opposing credit 

L2 Commercial cost of 

« 

shipments. 



Credit 

From Journal 

Total gross profit 
Opposing debit 
Gross profit 



Balance 

Before closing into net profit represents manufacturing profit 
for year 

This account is used only to close books at end of fiscal period 



H4 — Gross Profit 

Debit 

From Journal 

Cost of sales for vear 

Opposing credits 

Li Factory cost of sales 



Credit 

From Journal 

Net sales for vear after 
deductions Ki to K5 
Opposing debits 
J I Sales 
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I*>oni Journal 
Haliincc 

Opposing credit 
II5 Manufacturing profit 



Halaucc 

Hoforo closing rci)resents gross profit for year. Used only to 
close hooks at end of fiscal period 



Ho-'Nkt Pkokit 

Debit 

Vvowx ]o\\v\\i\\ 

Other expeiulilures 
Op|V)sing credit 
Acounts rS to V\ \ inclu 
si\e 



l-n^n^ |oim\;d 

Op^H^s^ns* cre^hl 
Siuphis 



Credit 

From Journal 

Manufacturing profit for 

year 
OpiX)sing debit 
Manufacturing profit 



Other Income 

Opi>osing debits 
Wirious income accotmts 
Pi to P4 inclusive 



lNCt\^rc cVwin^ )x^]MY><^m> nci profit or Ii^ns for year. Used 
.^^i1\ t*^ oV^so K\^k^ M oivl ot ttsOAl period 
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J I — Merchandise Sales 

Debit 
From Journal 

At close of period 
Deductions from sales as 
shown by 
Ki Out freight 
K3 Trade discount 
K4 Other deductions 
K5 Returns and al- 
lowances 
Opposing Credit 

Ki, K3, K4 and Ks 



Credit 
From Invoices 

Merchandise sales 
Opposing debit 
Accounts receivable 



From Journal 

Net Sales as shown by bal- 
ance 
Opposing credit 
Gross profit 



Balance 

Represents gross sales to date after closing net sales for year 

Li — Factory Cost of Shipments 



Debit 

From recapitulation of invoices 
for the month 
Cost of shipments for 
month 



Credit 

From Inventory 

Amount necessary to bal- 
ance work in process 
.iccount with physical 
inventory if inven- 
tory is higher 

Opposing debit 

Work in process 

(works ledger) 



From Journal 

Balance of account after 

adjusting inventory 
Opposing debit 
Manufacturing profit 
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Credit or Debit 

I* torn Inventory 

Anirmnt necessary to bal- Opposing credit 

ancc work in process Work in process (works 

with physical inven- ledger) 

tory if physical inven- 
tory is lower 

Halance 

Represents total f«ictory cost of shipments to date 

I /J — COMMKKCIAL CoST OF SHIPMENTS 

Debit Credit 

I'Von] Journal From Journal 

l^stiniated percentage of Total of account after 

factory cost of sales adjusting 

()l)IK)sing credit Opposing debit 

Reserve for commercial Manufacturing profit 

burden 



Debit or Credit 

Difference between total of balances in expense accounts (Ni to 
()8 inclusive) and reserve for commercial burden account. 
C\>rros|H>nilinji[ entry, reser\e for commercial burden. 

/^<l/<IW(Y 

Rei)rescnts commercial cost of shipments 

Xi TO (X*^ — Commercial Kxpense 

Debit Credit 

Vtoxw \"ouchcr Journal Fn>m Journal 

I'ommcrcial expense items Total of each account at 

close of fiscal period 
Opposing debit 
Resen'e for commercial 
bunlen 
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Balance 

Is expense to date 

O20 — Reserve for Commercial Burden 



Debit 

From Journal 

Total of expense accounts 

Ni to 08 at end of 

fiscal year 
Opposing credit 
Various expense accounts 



Credit 



From Journal 

* Fixed percentage of fac- 
tory cost of sales 
Opposing debit 
Commercial cost of ship- 
ments 



Debit and Credit 

At end of year. Diflference between balance of account and ex- 
pense accounts Ni to 08. Corresponding entry commer- 
cial cost of shipments 

Balance 

Represents amount of commercial expense charged to cost 
of shipments 



P3 — Rentals Earned 

Debit 

From Journal 

At end of period 
Total of account 
Opposing credit 
Net profit 



Credit 

From Journal 

Rents accruing monthly 
Opposing debit 
Rents receivable 



Balance 

Represents income from rented property 

Miscellaneous income accounts Pi to 4 arc closed into net 
profit at end of period 

Miscellaneous expense acounts P8 to 11 arc closed into net 
profit at end of period 



* As alternative total expenses for each month may be charged. 
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W'oKKs Ledger Accounts 

The following represents the works ledger accounts compar- 
ing iff the private ledger accounts shown in Figure 139. 

Controlliny Account — Symbol B 

Inventory Accounts — Symbol B 

1 Lumber and Dimension Stock 

2 Crating Luml^er 

3 Veneers 

4 Hardware and Miscellaneous 

5 Glue 

6 Sand Paper 

7 Finishing Materials 

8 Packing Materials 
9a In Process Materials 
9& In Process Labor 

i)C In Process Burden 



lixpcnsc 


Account — Symbol M 


I 
2 


Sui)erintendent and Foreman 
Departmental Non-Productive Labor 


3 


Repairs to Plant 


4 

5 


Repairs to Equipment 
Repairs to Tables 


7 
« 

y 
10 


Shipping Expense 

Drayage 

Yard Expense 

I^xpense Materials 

Power, Light, Heat, Protection 


II 


Insurance 


\2 


Taxes 



13 Depreciation 

14 Other Factory Expenses 

15 Reserve for Burden 

MiscclUmcous 

No sviuIh^I has been designated for the miscellaneous account 
and it is used only as a means of transferring items which ap- 
pear \\\ the works ledger from time to time but which are for- 
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eign to the cost records and should be direct charges to some 
general ledger account, other than listed in the works ledger. 

Form of the Works Ledger 

Figure 140 shows a special form designed for a works ledger, 
consisting of two full sheets and a half -double-side insert. While 
this form is very easily utilized, it is expensive, and single ledger 
sheets for each account of the works ledger may be used in the 
same manner as the private or general ledger is maintained. 

Inventorv Accounts 

The inventory accounts as detailed in the foregoing are 
charged with the result of physical inventories when taken. For 
each succeeding month they are charged with all material pur- 
chased and credited with the quantities of materials consumed, 
which will be determined by the reports provided through the 
material requisitions (Figure 33). The balance appearing in 
these accounts at the end of each month represent the inventory 
value of raw materials on hand, the amount of material, lalx)r 
and burden in process and amount of material, labor and bur- 
den on hand of finished product, and the amount of burden un- 
absorbed or overapplied. 

Schedule of Accounts by Symbol and What Each Represents 
Bi — ^Lumber and Dimension Stock 

All kinds of lumber, including dimension stock, except crat- 
ing lumber. 

B2 — Crating Lumber 

All kinds of crating lumber used for crating and packing of 
the tables. 

B3 — Veneers 

Flitch, dimensions, cores, and tape veneers. 

B4 — Hardware and Miscellaneous 

Wood screws, wire nails, brass feet, drawer pulls, jx^sts and 
nuts, casters, headless rods, ink wells, joint fasteners, 
brads, corner brackets, domes, ornaments, desk lifts, and 
locks. 

B5_Glue 

Animal glue. 

B6— Sand Paper 

Garnet cloth, all brands of sand paper and emery cloth. 
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By — Finishing Materials 

Varnish, Hquid and powder stains, fillers, oils, shellac, naph- 
tha, ammonia, rotten stone, turpentine, dryer, alcohol, 
putty, pumice stone, wax and all pigments. 

B8 — Packing Materials 

Envelopes for parts, fibre paper, kraft paper, excelsior, pads, 
tags and twine. 

B9 — In Process 

All completed tables and tables and parts under construction. 

M1-15 

Non-productive labor of the following productive depart- 
ments : 

Cutting Veneering 

Machining Yard 

Sanding Stock Room 

Assembling Shipping 
Finishing 

Other Non-Productive Labor : 

Supervision 

Watchman 

Repairs and Maintenance of Building 

Repairs and Maintenance of Machinery 

Repairs of Tables 

Expense Supplies 

Repair Supplies 

Shipping Supplies 

Power and Heat Supplies 

Finishing Tools and Supplies 

Other Tools and Supplies 

Other Expense Accounts: 

Fire Insurance 

Liability Insurance 

Taxes 

Depreciation 

Sample Tables and Parts 

Reserve for Factory Burden 
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List of Cfiarges to Be Made to the Following Factory Expense 
Accounts 

M4 — Repairs to Equipment 

Belting, knives, drills, files, solder, jointer and planer knives, 
band and circular saws, emery wheels, steel drill rods, ce- 
ment and bricks, pipe fittings, machine castings, pulleys, 
electrical supplies, and shafting. 

M6^Expense Shipping 
Shipping tags and cards. 

M9 — Expense Materials 

Waste, rubbing felt, sponges, steel wool, finishing wax, news- 
papers, brooms, belt dressings, clock slips, gasoline, kero- 
sene, toilet articles, water bills, medicines, factory stationery 
supplies. 

Mid — Power and Heat Supplies 
Coal, wood, oils, lubricants, etc. 

Summary of Works Ledger Entries 

1 Analysis of voucher register (see later) for purchases of 
raw material and supplies 

2 Recapitulation of material recjuisitions to obtain materials 
and supplies consumed 

3 Distribution of productive payroll 

4 Work in process, material, labor and burden obtained from 
credits to various raw material inventorv accounts 

5 F'actory expenses obtained from factory ledger accounts 

M1-15 

6 Factory cost of shipments determined from invoices for 
the month 

7 Miscellaneous transfers 

Details of Works Ledger Entries 

I The analysis of the voucher register for purchases made 
during the month will merely mean the totaling of each individ- 
ual column as the register is subdivided into columns, each of 
which is headed up with the same classification as api)ears in the 
Works Ledger for raw materials. 
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2 Material requisitions are summarized according to the 
classification of materials appearing thereon (this work should 
be kept up currently). 

3 The productive payroll is charged in a net figure to work 
in process labor. The amount is determined by analysis of the 
payroll (Figure 141) in accordance with the postings made 
through summarizing the serv^ice cards. Non-productive labor is 
charged to the various expense accounts. 

4 Work in process — ^material, labor and burden. Charges 
to work in process, material, are obtained from credits made to 
the various raw material inventory accounts. Charges to work 
in process — labor, are obtained from the productive payroll as 
outlined above. Charges to work in process — ^burden, are ob- 
tained by applying a certain percentage of the direct labor to the 
cost. 

5 Factory expenses are secured when the current charge is 
made as they appear in the factory ledger, under the account 
heading. Factory Expenses, M1-15. 

6 The factory costs of shipment are determined by sum- 
marizing from the invoices the various classes of tables shipped 
during the month and multiplying each class by the costs ob- 
tainable. 

7 Miscellaneous entries will appear in the works ledger only 
at such time when items foreign to the cost of product make 
their appearance in the various inventory accounts. These items 
througli the miscellaneous column are transferred to their legiti- 
mate accounts in the private ledger. An explanation of certain 

works ledger accounts follows: 

• 

General Ledger Controlling Account-Symbol B 

Debit Credit 

From Factory Cost of Ship- From Inventory 

ments The total value of raw ma- 

The total cost value of terials, tables in proc- 

shipments, tables, for ess and finished at 

the month the beginning of the 

period 



mn 



m 



'I 



T- -*'.XjSfT^*<'.f tc 



. I ♦I 



V 



pTTini Payroll 



r : 1*11 1 ~<^iirnai 

T^taL > lE^rcszation to be 

•11111131 f!iEL eacit luoutlL 

Taxes jLLiiiiug dmiiig 

montii. InsaTance 

oaed darmg^ month. 



Fttjih Creifit Mams 

C3S1: of gocM^ retomed 
ami pot in stock. 



i^^f/f^^^r\t< thr total v;tli:c of the invenD>ry of raw materials^ 
mM^^ Pfmt i/^rf-s in pf'^^ress. tinisheii product and factory cx- 

'^^ry'-^i/\\r\'4\i^or\»^A or overapplied, 

^'♦^ 7 h#* f'rivate ledger account in the works ledger is the 
ff^yUo\]\r\^ ArtfA\r\t if*r all accounts included therein. The total 
of th^ \/M'^rtrf^ fti all other works ledger accounts should be in 
Affff^w^nt with the f/alance appearing in the controlling account. 

Hi /,r;M«KK A.vr> f>TMK,v.srox Stock 

f''rofri Vhy^uu] fnvrnfory From Recapitulation of Ma- 

V;ilM;ifi/irf u\ \hv fK'ffinning terial Requisitions 

of fhr prriod Total value of Itunber and 

dimension stock con- 
sumed during the 
month. 
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Opposing entry 
Work in process — ma- 
terial 



From Voucher Register 

Total monthly purchases 

Opposing entry 

Private ledger Symbol B 



Balance 

Represents the inventory value of Lumber and Dimension 
stock on hand at the end of the month 

Additional accounts will be operated from similar entries un- 
der the following titles : 

B2 Crating Lumber 

B3 Veneers 

B4 Hardware and Miscellaneous 

B5 Glue 

B6 Sand Paper 

By Finishing Material 

B8 Packing Material 

Bga Work in Process — Material 

Debit Credit 

From Physical Inventory From Recapitulation of 

Valuation at the begfinning Finished Product 

of the period. Total value of material 

contained in tables 
shipped during the 
month. 
OpiK)sing entry 
Private ledger control 



From Material Requisitions 
Total value of materials 
consumed during the 
month 
Opposing entry 
Various raw material ac- 
counts 



2« 

lOj^M .-M»t^' VfiliK* *»f uiiiXfYihU in procestt ac dor end of 

Ih'hii Crrdit 

l'»«/fM I'liv^'iiitl lnvrtil«M V From Kecapitxdztioii of Ship- 

V .ilM.Hliin nl IIm* iH'KiniiiiiK mcnts 

III llir |iriiMil Total value of Iab:>r in 

tables shipped during 
month. 
Opixxsing entrj- 
Private ledger control 






K\^^s\ •\\\^ UU»^ v\^ K^usvxx ,v5 :hc cud of each month 
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w \ '■ s\N -V .^•^:v>: c!tie titoatfa. 

v>.xx>irg: entrv 






J^^: i^iger cvmtn.^I 






289 



Opposing entry 

Factory expenses — ^burden 



Balance 

Represents value of burden in process. 

Factory Expenses and Burden Reserve 



Debit 
From Labor Distribution 
Non-productive labor 
shown by service 
cards and factory 
salary charges for the 
month 



Credit 
From Works Ledger Entry 

Estimate of burden applic- 
able to productive 
labor charged to work 
in process based on 
experience of prior 
years 

Opposing entry 

Work in process-burden 



From Voucher Journal 

Total of charges to ac- 
count of factory ex- 
penses Mi -14 



From Journal 

Depreciation, taxes and in- 
surance accruing dur- 
ing month 

Opposing entry 

Private ledger — Symbol B 



Balance 

Represents the amount of burden unabsorl)ed or overapplicd. 
A credit balance would indicate that the expenses were over- 
absorbed, while a debit balance would indicate that the expenses 
were in excess of the amount applied as burden. 



Voucher and Check Register 
As indicated in the foregoing, in tliis particular application 



Diaffl] 




I 'is 

in 
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Book V'alue 750.00 

Sold for 700.00 

Additional Depreciation $50.00 

Entries 

Debit Credit 

Cash received for machine $700.00 

Depreciation, (Works Ledger Control) . . . 50.00 

Reserve for Depreciation 250.00 

Machinery $1,000.00 

In case too much depreciation has been written off there will 
be a credit to the Depreciation Account in the Works Ledger 
in place of debit. 

Monthly Statements 

The following statements should be prepared each month : 

Financial Statement (Figures 147 and 148) 
Factory Ledger Balance Sheet (Figure 149) 
Loss and Gain Statement (Figure 150) 
Analysis of Commercial Expense (Figure 151) 
Analysis of Factory Expense (Figure 152) 
Graphic Reports 

These statements are made in comparative monthly form 
showing the results of operations month by month, an extra col- 
umn being provided for yearly totals and final results after 
closings the books. 

The accounts appear on the ledger in exactly the same order 
in which the items appear on the statements and the mechanical 
work of taking off the statement is very simple. 

A few items on the statements may require detailed explana-^ 
tion. 

The item of unabsorbed or overapplied burden (the latter 
carried in red as a deduction) is the difference between the 
debit balances in the various expense accounts and the credit 
balances in the reserve for burden account. At the same time it 
serves as a check on the accuracy of the predetermined burden 
rates. 

The Profit to Date item carried among the capital assets is 
likewise the net difference between the debits and credit balances 
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FiciiBE 147.— ArratiKprneiit o£ Ilcms for Financial St.iu-mctit (Asset!;) 



FACTORY LEDGER BALANCE SHEET | 
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Figure 149. — Form Cor Factory Ledger Balar 
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FiOUKE 150. — Form for Profit and Loss Stalemcnt 



ANALYSIS OF COMMERCIAL EXPENSE | 
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Figure 151.^ — Form for Analysis of Commercial Expense 
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in the revenue section of the private ledger. It represents the 
net profit to date and is considered as an addition to the capital. 
Federal taxes and dividends paid are by Federal require- 
ments direct charges against surplus and are, therefore, carried 
as a deduction from the capital assets. 

Use of Statements 

Following are a few brief suggestions on the use of these 
statements after they are submitted to the executives: 

Financial Statement. This statement lists the assets in order 
of their availability and the liabilities in order of their priority 
with sub-totals showing the totals of current liabilities and cur- 
rent assets. 

A comparison of the current liabilities with the current as- 
sets available to meet them gives a very valuable insight into 
the financial condition of the business. 

An examination of this statement will indicate exactly where 
the working capital is invested and will serve as a check upon 
investing too much capital in raw material and inventories. 

Factory Ledger Balance Sheet, This statement shows the 
details of the inventories which are summarized on the financial 
statement. It should be watched with two ideas in mind. 

1 The amounts of the various inventories should be kept as 

low as practicable in order to prevent overbuying and 
tying up working capital unnecessarily 

2 The amounts should be carefully compared with the 

actual amount of materials in the plant as any varia- 
tion between the physical and book inventories must 
result from an error in the cost figures which should 
be investigated and corrected. 
The three work in process accounts particularly should be 
watched and a comparison made between the proportion of ma- 
terial, labor and burden in process, from month to month. 
Charges to these accounts may be relied upon as correct if ma- 
terial requisitions are properly handled. Any variation must, 
therefore, come from an error in crediting these accounts with 
the cost of shipments and must therefore reflect an error in. the 
cost figures. If the book inventory exceeds the physical inven- 
tory, it is evident that the credits have been tix) small. That is, 
the cost of shipments has been figured too low and the profit 
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timated and delivered to the cut-off saws. These saws cut to 
advantage and work on several orders at once. Therefore, it is 
impracticable to distribute the cost of cutting off directly to the 
order or part worked upon. After being cut off, tlie lumber 
is sorted and the cost of furtlier operations can be definitely 
ascertained. 

Any error in estimating the amount of lumber required for 
an order is corrected as soon as the material reaches the glue 
room. Any lumber cut in excess of amount required is returned 
and any shortage made up. This item is of importance in cost 
accumulation and in figuring the waste as detailed in previous 
and the following pages. 

From the cut-off saws the lumber goes through the rip-saws, 
skinner and planer, lineal jointer and glue room, in the order 
named. 

As each man starts work on an order he punches the time on 
a job-time card (Figure 52) upon which is also given the date, 
order number, unit symbol and part symbol, and the number of 
parts covered. When more than one man works on a machine, 
the quantity will be shown in red upon the helper's card. This 
card is again punched with the time the man stops work, and 
after the quantity is inserted by the piece counter, the card is 
sent to the Planning Department for use in posting the control 
board, and figuring the payroll and costs. After being extended 
to show labor costs, time cards are sorted and filed under unit 
and part symbols until order is completed. 

Up to the time an order leaves the glue room it is kept to- 
gether so that it is possible to figure the cost of the order up to 
that point. After leaving the glue room there is a possibility 
of part of the material being stored for future use or being 
diverted to some other order. This possibility is considered in 
the method of figuring table costs. 

As units are completed and packed, a crating report is made 
out, showing the number of each table sent to the warehouse. 
This report is sent to the Planning Department and the number 
of units packed noted upon the warehouse inventory cards. 

All material used is obtained from the storeroom and yard 
upon material requisition. These requisitions are later sent to 
the Planning Department where they are entered upon the per- 
petual inventory records and filed until the end of the month 
when they are totaled and the value of all material put into work 
summarized for the use of the bookkeeper. 



iffU^nai A tiaxesistk - Hiiimi a iy ami Fi^are rfj) is iSIed 
out for each unit of pmtincr givmg in <jefiul die qnanntr of 
mskterial rcnmrerL Umtfr Lamfaer, Veneer 3nd Ftms&mg Ma- 
terial :^eparste cnhnnns have been provided D>r ose in hguiiiig die 
materiat cam: of cabies in direc ffiiferent rinishr^. The <^u;2nuti 
r\i material TAionid he entered in ink. The price and valne shoold 
be extended in pencil to facilhate changers necessitated bf Taria:- 
tions in the market valnes of maceriaL 

The amotmt of Iahr>r anil hardware required tor a onit may 
be readily a.scertained. The .imi^unr of ghie is figured from the 
number of ^uare feet glued. The amount of finishing material 
is estimated from the :»urface feet o^ be fini^ed as fallows : Test 
runs are made r>r each of the finishing operations and from tbese 
tests the amount of material necessary d- c ver one surface foot 
is ascertained in decimals of a galbjn. The surtacc required to 
be covered for a table is recapped as f«>nows: 

Paint istCoater 2ndCGater 

Top 

I^^^ 

Shelf 

Total 5.1 9.2 5.1 

The UffA^f^e multiplied by the standard material required figured 
as abr^>ve, gives the amount required for the table. 

This method of faring finishing material is subject to proof 
fjy test runs. An inventr>ry of finishing material on the floor is 
t^ken at the fxrginning of the run. A record is then kept of the 
fMal niimf>er of units finished during a fixed period. At the end 
of the peri^^rl another inventory- is taken and the actual amount 
of materia! a/nsumed figured as follows: 

Inventory first of period 000.00 

fills Materia! Requisitioned 0,000.00 
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1.0 
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1-6 


3-^ 


1.6 



Total 0,000.00 

f /<'ss Inventory end of period 000.00 



I^quals Material Consumption 0,000.00 

Thi» ccmftumfitic4i figure may be checked against the estimate 
and a waste percentage ascertained. 
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Details of Cost Compilation 

Material, A material summary card (Figure 153) is filled 
out for each unit of product giving in detail the quantity of 
material required. Under Lumber, Veneer and Finishing Ma- 
terial separate columns have been provided for use in figuring the 
material cost of tables in three different finishes. The quantity 
of material should be entered in ink. The price and value should 
be extended in pencil to facilitate changes necessitated by varia- 
tions in the market values of material. 

The amount of labor and hardware required for a unit may 
be readily ascertained. The amount of glue is figured from the 
number of square feet glued. The amount of finishing material 
is estimated from the surface feet to be finished as follows: Test 
runs are made for each of the finishing operations and from these 
tests the amount of material necessary to cover one surface foot 
is ascertained in decimals of a gallon. The surface required to 
be covered for a table is recapped as follows: 

Top 

Legs 

Shelf 



Paint 


I st Coater 


2nd Coater 


2.5 


5.0 


2-5 


I.O 


1.0 


1.0 


1.6 


3-2 


1.6 



Total 5.1 9.2 5.1 

The footage multiplied by the standard material required figured 
as above, gives the amount required for the table. 

This method of figuring finishing material is subject to proof 
by test runs. An inventory of finishing material on the floor is 
taken at the beginning of the run. A record is then kept of the 
total number of units finished during a fixed period. At the end 
of the period another inventory is taken and the actual amount 
of material consumed figured as follows: 

Inventory first of period 000.00 

Plus Material Requisitioned 0,000.00 



Total 0,000.00 

Less Inventory end of period 000.00 



Equals Material Consumption 0,000.00 

'"•^•s consumption figure may be checked against the estimate 
waste percentage ascertained. 



s 




1 






1 


S 


ii j" 


::i! 


ysi 




_ o 


^<l 


S 1 


■= s 


^ 1 


si_ 




5 1 










^ 1 




1 i 




J L. 




S s 


g . -- - - 


g r- 


1 J 


^ i 




2 i 




sl 




= i5-" 




1 ■ 


S i 


» 


5 1 


J 




,1 


^ 


I ^ 


-- ll 

s 



rf 



/v*' ^f /4f.vr^^/:' V, ^/t f^r'TX ir/f ar^T' tar,? 






ihH ^im^^y 




lASOfl COST 







ii *** 




iUhuit^, t*4 Vorm lor \/aU>t Om Card 



/////(/r, 'I III* \prfKTi\urt nf accumulating lalx^r costs is given 
ImIi'IIv, Mti followw; Ah (lur time cards come in they are ex- 
IimmIi'iI In hliow Ui\iiir nmt and ftortcd and filed by unit and part 
hVMiIimU WImii mu ordcM- is completed the cards are removed 
fiMlii Ihr (ilr, t»oilrd by operations, and added to obtain (i) 
I.mIimi Cohl, (j) (Mmnlity Produced. These amounts are then 
\hih{v\\ In H liihni c(ml card (iMj^miT 154). one of which is made 
(lUl for rnif pull. ThcM' cards are provided with columns for 
|hi< drunlpllnn iumI »*vinlu»l of the (»perations. to be filled in from 
\\\v UvoMi hluTtw and fi»r the (|uautity. total cost, and cost each 
lol rviMV oprudii'U. In f;eneral the cost for each operation is 
obhdned b\ disidu^K the total cost by the (|uantity pnxluced, and 
Ihe lal»oi K\\^\ ol |^ot^ b\ Uildin^ the cost of the various opera- 
\\\^\\H, hv»\\evei, the lollowin^i* e\eeptions nuist \k noted: 

{ uttino v'f/ The labva cost ot cutting olY lumlnrr is figured 
Ih b\su\l leet, v^>^ I\»Uv^\\n: 

I uu\lv» v\U \ tUMU veMuiMtion>> 00.000 

\ K'^W WyWW \K\ VVUl 0.000 



km\\U'V iu >v4^iis vHU oaocx> 
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The amount thus obtained is divided into the labor cost of cutting 
as obtained by adding the time cards turned in during the run, 
and the cost of cutting off per thousand board feet is obtained. 
Note that the waste percentage figure, used in figuring lumber, 
is designed to be added to the lumber in tables, while the waste 
used above is to be deducted from the lumber cut. The per- 
centages will, therefore, not be the same. For instance : 

Lumber in tables looo feet 

Waste 25 per cent 250 feet 

1250 feet 

Rough Lumber 1250 feet 

Waste 20 per cent 250 feet 

Usable Lumber 1000 feet 

In other words, 20 per cent off is equivalent to 23 per cent on, 
and this diflference must be taken into account in all material 
figures. 

This standard cutting-off cost having been obtained, the cost 
of cutting-ofT each part is obtained by multiplying the standard 
cost per board foot by the number of board feet in the rough 
part. This is not always practical, however, for often the actual 
cost of cutting different kinds of lumber is taken directly from 
the job-time cards. 

Ripping, Skinning and Planing, Jointing, As stated in the 
preceding section, an order is kept intact until it passes through 
the glue room. The cost per piece of the foregoing operations 
may, therefore, be obtained by adding the amounts on the time 
cards and dividing by the number of pieces made in the glue 
room. 

It is not practicable to figure an order cost up to this iK)int, 
as the number of pieces of lumber ripped and put through the 
skinner and planer will be greater tlian the number in the finished 
part. From tliis point on, however, the labor costs may be ac- 
cumulated by orders and by parts. 

Care must be taken here, as at all points, to correctly figure 
the cost of parts, several of which are cut from one block. In 
this case the labor cost of each block must be divided by the 
number of pieces to be cut therefrom. 

After leaving the glue room there is a tendency for orders 
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to become mixed, or diverted, and the labor cost on large 
orders is best determined by dividing the total labor cost as 
obtained by adding the amounts shown on time cards, by the 
total pieces produced as shown on the same cards. 

When more than (Hie man works on a machine, the quantity 
produced will be shown on the helper's card in red to prevent 
duplication in figuring amount produced. 

The labor cost of each part having been obtained, the labor 
cost of the table is secured by summarizing the labor cost of 









































MIM 




- 








^T 














till 


M 


BL 


na 




fKI lOO. 


«lb. 


m 






«.«- 


w. 


m 


"t"^ 














-^- 












-- 
































L;^- . -j— j J 




















^J^ 


- 


___ 


^ 




r— ■ -r ■-■■ - r '-' ^ '-'tTT^ 






















OPtRAT.ON 


£ 


"», 


p^T 








*i 










































































































d 


," 


z 


- 


— 




bi^ 


ti 


b — 


y 


;^ 


^ 


L 


-4- 


3 


" 7^ "'' 




~Y-' 


'n 


=t 


— 


— 




- 


- 


T- 


^ 


- 


- 


- 


- 


- 



















































































Figure 156. — Form for Direct Labor Cost for an Individual Part 

parts on a separate (red) card (Figure 154), the cost of stock 
parts being obtained from the cost card for the part used. A 
separate record is made of machining, finishing, assembling and 
packing labor cost. 

Total Cost. The labor cost having been figured, a card (Fig- 
ure 155) is filled out summarizing the material and labor costs. 
To these is added a predetermined per cent of the labor to cover 
the factory overhead or burden. The total of these three items 
make up the factory cost of the table. A predetermined per- 
centage of the entire factory cost is then added to cover admin- 
istrative cost or burden, an allowance made to cover job dis- 
count, and the net profit on each table figured. 

Proved Costs 
"Tie costs arrived at on these summary cards (Figures :S3, 
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154 and 155) since they are made up of variuus summaries, re- 
cai«tulation, etc., of the job-time cards and material requisitions, 
the same fundamental records from which is posted the works 
ledger, and which is, we saw above, verified and proved through 
the controlling accounts by the private ledger, are. in the opinion 
of the author, as near real proved costs as it is practical to ob- 
tain for the woodworking industry. 

Furthermore, the preparation of thesrcosts rc<|iiircs but one 
cost clerk in addition to the personnel of the Planning Depart- 



TOTAL COST PER CHAIB wood jfnB" |»u« | 
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E 157- — Form for Total Cost Per Chair 



ment, as described in a previous section. This is made possible 
through the imification of production and cost records. In other 
words, the function of the control exerted by the Planning De- 
partment not only endeavors to effectively control the opera- 
tion of the plant, but obtains its necessary production records in 
such a manner tliat a basis for costs is furnished without the 
ex])ense ()f accumulating additional special records. 

Where the operation of the plan is somewliat difficult to check 
and control, it is necessary to obtain the cost not by orders as 
is shown in the summaries given in Figures 153, 154 and 155, 
but to obtain the labor cost by operations, over certain periods, 
as for example, by months. For this purpose the set of forms 
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shown in Figures 156, 157, and 138 are useful. The job-tintc 
cards are sorted by parts and operation and for each part of a 
unit of product a direct labor-cost accuniulatk>n card similar to 
that shown in Fiffnre 156 is used. The total number of parts 
handled on each operation is dividetl into the total cost of per- 
forming this operation as shown on the job-time cards and posted 
against the proper operation as listed in the left hand column 
of the form. This is very valuable as a basis for comparing the 
cost by operations monthly, and reflects the efficiency of opera- 
tion of the factory as a whole better than when these operational 




158.— Reverse of Form for ToUl Cost Per Chair 



efficiencies are split iip and recorded by orders. Finally, at the 
end of each month, the total unit cost by operations is listed on 
the front of the total cost per unit form as shown in Figure 157. 
the operations tieing listed in the column at the left and the 
necessary burden and miscellaneous department items of labor 
accumulated into the total. On the reverse of the form shoxni 
in Figure 158 the total cost of materials is obtained. It shouW 
be noted that provision is made for covering the fluctuation of 
hnnber cnst on this form because of changes in price or variations 
in waste percentage. 

In either case, that is, whether costs are obtained by orders 
or bj- operations, the cost figures should be analyzed to reflect 
not only true cost for the determination of selling prices, as well 
as monthly financial statements, but to reflect operating efficiency. 
' ny increase in material cost on an item should be analyzed to 
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determine whether it is due to market fluctuation or to ineffi- 
cient utilization of material. All labor cost increases should 
also be traced down to the operation and when possible the 
operative responsible, and steps taken to prevent a recurrence. 
In general, costs should be a lever to control the effectuality of a 
business rather than a history of past performances. 
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It is rather difficult to define the proper relation between cli- 
ent and engineer compatible with ideal conditions, but the two 
opposite extremes may be defined. First, the client who gives 
the engineer carte blanche, and second, the client who allows his 
superintendent, often a man of limited education, intelligence and 
breadth of view, power to pass off-hand destructive judgment 
upon the recommendations of a trained engineer with years of 
experience in the industry. 

. It may- seem that these two extremes would never be en- 
countered, but the author some five years ago was forced to in- 
stall a plan of management for a concern where neither the 
president or superintendent would consult or advise with him, 
simply requiring that he put in whatever he thought best, based 
upon his own opinion of local conditions. As a result, a con- 
siderable number of changes had to be made before the method 
employed was really workable, and the client told the author, **I 
knew it wouldn't work" whenever such a change was made. In 
another instance, the client allowed a superintendent who had 
obviously nearly run the business into bankruptcy through Tiis 
ineffectual management of the factory, to publicly criticise within 
the plant the actions taken by the author, and finally, when the 
methods began to demonstrate by their own effectuality that the 
author was correct, the client again accepted the judgment of the 
superintendent in his second set of attacks, wherein he main- 
tained that while the work was all right in its results, that it had 
taken longer than necessary and that the author's assistants had 
not worked as effectively as they should. 

Considering, therefore, that the attitude of the client himself 
is an important influencing factor upon the effectuality of the 
work, it is difficult to give any average results to be expected from 
service engaged in installing methods as outlined in previous 
sections. Also, of course, all results are largely dependent upon 
the original condition of the local labor and physical equipment 
of the plant encountered. The following figures, however, are 
based upon several years' experience in the woodworking in- 
dustry covering a wide range of installatii^n on practically every 
type of wood products. 

The average woodworking industry is rarely more than 50 to 
70 per cent effectual. Proper application of management meth- 
ods to industries in these conditions result in raising the effectu- 
ality to from 90 to 95 per cent, with a resultant saving of from 
15 to 30 per cent of the direct labor payroll. The entire saving 
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is not by any means direct labor alone, but the author has tabu- 
lated resohs in terms of percentage of this tafigible factor. 

As to the cost of such senice, this depends \ery largely tipon 
local labor conditions ami the physical condition of the plant and 
equipment. But a mean average of the usual conditioned wood- 
working plants has shown that the cost of such instaHatkms 
ranges from $50 per capita of the entire personnel of art hi* 
diistry consisting of say 2cx) people, down to $25 per capita for 
a plant of tooo or more. In the majority of such installafioni 
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carried out by the author, the annual savings reatized in from 
one to one and a half years after the methods are wofVing prop- 
erly, cover the entire cost of the reorganization. As to the time 
re(|uired, the complete changes can rarely be accomplished in 
less than a year's time, and in the average traditiot»any man- 
atjt'd wootlworking plant, they can be installed more effectually 
in eighteen months, as any attempt to rush changes is abortive, 

-\n example of actual results is shown in Figure 159. In 
this p^ant the installation was carried out from June, 191^, to 
December, 1918, durii^ a particularly difficult labor period in 
the middle west. The results obtained from January, 1918, when 
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results began to be realized, are shown in the ideal chart from 
which the various fluctuations have been eliminated. During 
this period wages were increased 63 per cent, although in the 
local community basic wages increased only 53 per cent, thus 
satisfying the labor. Labor cost was reduced approximately 5 
per cent during the period, which means, that in a normal period 
without the large increase in local base rates, a cost reduction of 
30 per cent would have been realized. In this particular plant, 
the attitude of the client was unusually fine and the equipment in 
a very good condition at the start. But considering the difficulty 
of the local labor situation, the author believes that this result 
is a fair example of what is possible to obtain by the proper in- 
stallation of the fundamentals of scientific management to the 
woodworking industry. 
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Schedule and Dispatch Clerk, 13 

— of Rearrangement Work, 1 19 
Seat Department, 115 

— Nfaking, 136 

, Bonus Rate for, 137 

Shaping, Bonus Rate for, 135 
Shipments, Cost of, 275 
Shop Practice, 122 
, Fundamental basis of, 191 

— Superintendent, Duties of, 1 2 
Slabs, Gluing Up, 140 

Social Service, 201 

, Investigation, 206 

, Reports, 207 

Standard Instructions, 89 

. Form, Assembly, 89 

, Unit, 89 

Standardization, Clerical Work, 104 

— , Parts, 21 

— , Patterns, tools, fixtures, 228 

Standards Clerk, Duties of, 13 

— , Lack of, 6 

Statements, Monthly, 294 

Sticking, 161 

— , Time Allowances, 162 

Stockholders, Duties of, 9 
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Stock Parts, Entry and Withdrawal, 85 
— , Shaped and Machined, 76 
Storage, Lumbe, 31 

— Rack, Patterns, 228 
Storekeeper, Duties of, 13 
— , Requirements of, 58 
Stores Clerk, Duties of, 13 

— Credits, 66 

— Credit Form, 67 

— , Department Symbolization, 63 

— , Equipment of, 63 

— , Issuance of, 66 

— , Location File, 66 

— , Location of, 62 

— , Perpetual Inventory, 64 

— Reservation Form, 67 
— , Standard list of, 58 
— , Symbolization of, 59 
Symbolization, Patterns, tools and fix- 
tures, 228 

— , Stores Department, 63 

Tables, Nomenclature of, 24 

Task, Working up task by time study, 

215 
Taxes, 274 

Technical Training, Lack of in this 

industry, 6 

Templet Drawings, 107 

Tenoning, 162 

Ticker File, 105 

Tickler Form, 104 

Tiemann Kilns, 46 

Time Cards, Filling Out, 90 

Time Card Forms, 90-91 

Rack, 96 

Time Clerk, Duties of, 13 

Time Study, 209 

, Basic, 219 

, Collection of production data. 

217 

, Deduction and obser\-ation, 212 

, Fundamental basis of, 209 

, History of, 210 

- — , Human Element, 214 

, Installation, 218 

, Methods, 211 

, ()bser\'ation Recortl Forms, 213 

, Overall, 210 



Time Study, Selection of first indivi- 
dual for study, 213 

, Selection of operations to be 

studied, 210 

, Summary form, 216 

, Unit, 211 

, Working up Task, 215 

Tool and Fixture Control, 227 

— , Control of, 230 

— , Grinding of, 227 

— , Storage of, 229 

Trade Discounts, Reserve for, 269 

Treasurer, Duties of, 1 1 

Transportation of Product, no 

Trucks, Design of, no 

-— , Lumber, 35 

Turning, 162 

— Department, 115 

Unloading Lumber, Cost, 37 
, Data, 37 

Veneering, 144 

— , Bonus rate for edges, 145 

— , foreman, 154 

— , spreading glue and press- 
ing flat stock, 146 
— , general standardization, 152 
Ventilated Kilns, 45 

Waste, at saws, 241 

— , Bonus based upon saving of, 225 

— Control, 239 

— Conveyor, 242 

— , Determination of, 244 
— , Disposal of, 244 

— In lumber yard, 240 
— , Utilization of, 245 

— , Weighing Dexnces, 241 
— , Where made, 239 
Weighing Dexnccs, Waste, 241 
Wood, as fuel, 249 
— , structure of, 196 
— , Theory of cutting, 197 
Works Ledger, 256 
, form of, 279 

— Manager, Duties of, 1 1 
Workmen's Record Form, loi 

— Records, 99 
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